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PREFACE 
Th i s  report on Lake Ontari o water qual i ty was  wri tten i n  1966. 
Several sc i ent i sts  i nvol ved i n  t he I nternati ona l  Fi e l d Yea r for 
the Great Lakes program, who were aware of the draft report , sug­
gested th at the materi al be made avai l abl e to document h i stori cal  
data on the water q ua l i ty of the l ake .  
T he  report conta i ns conc l us i ons wh i ch are based on  the  data as 
ori g i na l ly  col l ected . I t  i s  recogn i zed that su bsequent i nvesti gati ons 
may have res ul ted i n  i nformati on and concl u s i ons wh i ch d i ffer from 
some of the materi a l  i n  th i s  report . Howeve r ,  no effort has  been 
made to update the report . I t  i s  publ i shed h ere a s  i t  was wri tten 
in 1966. 
At the t ime th i s  report was prepared , the Federa l water pol l ut i on 
control program was being  carri ed out by t h e  Federal Water Pol l ut i on 
Control Admi n i strat ion . The materi a l  for the report was as semb l ed 
by the s taff of wh at was at that t ime the Lake Ontari o Program Offi ce , 
wh i ch was pa rt of FWPCA • s  Great Lakes  Regi on , under the d i rect i on of 
Lee Townsend . H i s efforts , as wel l a s  those of other members of the 
s taff who made th i s report poss i bl e ,  are gratefu l l y  acknowl edged . 
I n  1970, when the Envi ronmental P rotecti on Agency was formed , 
the former Lake Ontari o Program Offi ce became the Rochester Fi el d 
Offi ce of Reg ion I I  of EPA .  
K .  H . Wal ker , D i rector 
Rochester Fi e l d  Offi ce 
May 1973 
TABLE OF  CONTENTS 
Chapter Page No. 
1 I NTRODUCT I ON 
Pu rpose 1-1 
Area of I nterest 1 -1 
Deep Water Sampl i ng 1 -1 
Rel ated Work 1 -2 
Acknowl edgments 1 -3 
2 LAKE ENVI RONMENT 
Morphometry 2- 1  
Hydro l ogy 2-2  
Cl imate 2 -4 
Geo l ogy 2-5  
Sed i ments 2-5 
Physical 2-5 
C hemical 2-6  
3 B I OLOGY OF  LAKE ONTARI O  
I ntroducti on 3-1 
Benthic Fauna 3-1 
Amph i poda 3-2 
Ol i gochaeta 3-2 
P hytopl an kton 3-3 
Di atoms 3-4 
Chlorophyl l 3-4 
C l adophora 3-6 
Fi s h i ng 3-8 
Trophogen i c  Zone 3- 1 0 
4 M ICROBI OLOGY 
I ntroducti on 4-1 
5 CHEMI STRY 
Introducti on 5-l 
Nitrogen 5-2  
Ammon i a  N i trogen 5-4 
N i tri te 5-5  
N i trate N i trogen 5-5  
Organ ic  N i t rogen 5-6 
Genera l D i scus s i on 5-7  
Chapter 
5 
6 
7 
TABLE OF CONTENTS ( Cont ' d )  
Phos ph orous ( Ph osphate } 
Solubl e Phosphate 
Total  Phos phate 
Genera l  D i s cus s i on 
Phosphate Removal At Treatment Plants 
Hydrogen-i on C oncentrati on ( pH )  
Di s sol ved Oxygen 
Chl ori des 
Si l i con 
Sod i um 
Bi ochemi ca l  Oxygen Demand ( BOD ) 
Di s solved Soli ds  
Potas s i um 
Concl us i on 
PHYS ICAL CHARACTERIST I CS 
Introduct i on 
Factors Govern i ng Water C i rcu l ati on 
Wi nds  
Temperatures 
Currents 
L i ttoral Dri ft 
Bottom Currents 
Rochester Embaymen t  
Temperatu res 
Currents 
SUMMARY AND CONCLUSIONS 
Summa ry 
Morphol ogy 
B i ol ogy 
Chemi s try 
Phys i cal  
Conc l us i on s  
B I BL IOGRAPHY 
Page No . 
5-8 
5-9 
5-1 0 
5- l l  
5-1 5 
5- 1 7  
5-20 
5-22 
5 -24 
5-26 
5-27 
5-27 
5-28 
5-28 
6-l 
6-2 
6-2 
6-4 
6-9 
6- 1 2  
6- 1 3  
6- 1 4  
6- 1 5  
6- 1 6  
7-l 
7- l  
7-2  
7-3 
7-7  
7-9 
Fi gu re 1 - 1 
Fi gure 2- 1  
2-2  
2-3  
Fi gu re 3-l 
3-2 
3-3 
3-4 
3-5 
3-6 
3-7 
3-8 
3-9 
3-1 0 
Fi gu re 4-1 
4-2 
4-3 
4-4 
L I ST OF I L LUSTRAT IONS 
Chapter 1 
I ntroducti on 
Chart showi ng b i ol og i cal  and chemi cal sampl i ng 
stati ons i n  Lake Ontari o 
Cha pter 2 
Lake Envi ronment 
Bathymetri c  chart of Lake Ontari o 
Hypsometri c curve of Lake Ontari o 
Mean Annual  prec i pi tat i on of Lake Ontari o bas i n  
Chapter 3 
B i o l ogy of Lake Ontari o 
Di stri buti on of Amph i poda; C ru i se 102 
Di stri buti on o f  Amph i poda; Cru i se 1 03 
Di stri buti on of Amph i poda; Cru i se 1 04 
Di stri buti on of Diatoms; C ru i se  1 02 
Di stri buti on of Ch l oroph yl l ;  Crui se  1 02 
Di s tribu ti on of C h l orophyl l ;  Crui se 1 03 
Di stri bu t i on of Ch l orophyl l ;  Crui se 1 04 
Trophogeni c zone; Crui se 1 02 
Trophogeni c zone; C rui se  1 0 3  
Trophogen i c  zone; Cru i se  1 04 
C hapter 4 
Mi crob i ol ogy 
Total p l ate count at 20°c; Cru i se 1 02 
Tota l pl ate count at 20° c; Cru i se 1 0 3 
Total pl ate count at 35°c; Cru i se 1 02 
Tota l p l ate count at 35°c; Cruise 1 03 
Chapter 5 
Chemi stry 
Fi gure 5 - l  Rel at ion of N i trate , Ammoni a and  Organ i c  
N itrogen i n  La ke Ontari o Surface Water 
Cru i se 1 02 
5-2 Rel at i on of Ni trate , Ammon i a  and Organ i c  
N i trogen i n  Lake Ontari o Surface Water 
Cru i se 103 
5-3  Rel ati on of N i trate , Ammoni a and Organ i c  
Ni trogen i n  Lake Ontari o S urface Water 
Cru i se 1 04 
5-4 Surface D i s tri but i on of Ammon i a  
Cru i se 1 02 
5-5 S urface Di stri buti on of Ammon i a  
Cru i se 1 03 
5-6 S urface D i stri bu t i on of Ammon i a  
Cru i se 1 04 
5-7 Surface D i str i bu t i on of  N i trate 
Cru i se 1 02 
5-8 Surface D i stri buti on of N i trate 
Crui se 1 03 
5-9  S urface D i s tr i bu ti on of N i trate 
Crui se  1 04 
5- 1 0 Surface D i s tr i buti on of  Organ i c  N i trogen 
Cru i se  1 02 
5- 1 1 Surface Di stri buti on of Organ i c  Ni trogen 
Cru i s e  1 03 
5-12 S urface Di stri buti on of Organ i c  Ni trogen 
Cru i se 1 04 
5- 1 3 D i stri buti on of sol ubl e phos phate 
C ru i se 1 02 
5-14 D i stri buti on of sol ubl e phosphate 
Cru i se 103 
5-15 Distribution of so l ubl e phosphate 
Cru i se 104 
5- 1 6  D i stri buti on o f  total phosphate 
Cru i se 1 0 3  
5-17 D i s tri buti on of total  phosphate 
Cru i s e  1 04 
5- 1 8  Hydrogen i on ( pH ) concentrati on 
Cru i se  1 02 
Fi gu re 5- 1 9  Hyd rogen i on ( pH ) concentrati on 
Cru i se 1 03 
5-20 Hydrogen i on ( pH ) concentrati on 
C ru i se 1 04 
5-21 Di sso l ved oxygen, percent of saturat i on at the 
surface ; Cru i se 1 02 
5-22  D i ssol ved oxygen, percent of saturati on at the 
bottom ; Cru i se 1 02 
5-23 D i sso l ved oxygen, percent of satu rati on at the 
surface ; Cru i se 1 03 
5-24 Di ssol ved oxygen, percent of saturati on nea r t he 
bottom ; C ru i se 1 0 3  
5-25 Di ssol ved oxygen, percent of saturat i on at the 
surface ; Cru i se 1 04 
5-26 D i ssol ved oxygen , percent of saturat i on near the 
bottom ; C ru i se 1 04 
5-27 Di stri buti on of  chl ori de 
Cru i se 1 02 
5-28 D istr i bu t i on of c h l o ri de 
C ru i se 1 03 
5-29  D istri bu t i on of chl ori de 
C ru i se 1 04 
5 -30 Chart showi ng su rface d i stri buti on of si l i ca 
d i oxi de ;  Cru i se 1 02 
5 -31 C hart showi ng  surface d i stri buti on of s i l i ca 
d i oxi de ;  Crui se 1 03 
5-32 C hart sh owi ng  surface d i stri buti on of si l i ca 
d i oxi de ; C ruise 1 04 
Fi gure 6- 1  
6-2 
6 - 3  
6-4 
6-5  
6-6  
6-7 
Ch apter 6 
Physi cal Character isti cs 
Schemat i c  d i agram showi ng the make-up of a typ i cal 
curren t meteri ng  stati on 
Net surface ci rcu l at i on duri ng  peri od of strati fi cati on 
and net wi nd  di recti on 
Po l a r h i stograms of  Sta . 1 8 ,  show ing  net flow for 
peri od of August to October 1 9 64 
Temperature profi l es for the month  of  August 
Spri ng thermal bar wi th  as soci ated vert i cal ci rcul ati on 
S urface temperatures ; C ru i se 1 02 
S u rface temperatures ; C ru i se 1 03 
Fi gu re 6-8 
6-9 
6-1 0 
6- 1 1  
6- 1 2 
6-1 3 
6- 1 4 
6- 1 5  
6- 1 6  
6-1 7 
6- 1 8  
6-1 9 
6-20 
Surface temperatures ; C ruise 104 
Circul at i on of La ke , No rth wi nd 
C i rcu l at i on of Lake , Northeast wi nd 
C i rcu l at i on of Lake , East  w i nd  
C i rcu l at ion of  Lake , Southeast wi nd 
C i rcu l ati on of Lake ,South w i nd  
C i rcu l ati on of Lake , Southwest wi nd 
C i rcu l at i on of Lake , West wi nd 
C i rcu l at ion  of Lake , No rthwest w i nd 
L i ttoral Dri ft 
Bottom dri ft as i nterpreted from sea- bed dri fters 
Rochester embayment 
Graph sh ow ing  rel at i on of w i nds and currents 
i n  Rochester embayment ,  Stat i on 1 9  
Purpose 
Chapter l 
INTRODUCT ION 
The pu rpose of t h i s  report i s  to  provi de a summary of the 
resu l ts of the chemi cal , b i ol og i cal , and physi cal  studi es of Lake 
Ontari o. Th ese studi es were conducted by the Lake Ontari o Program 
Offi ce , Grea t Lakes Reg i on ,  Federa l Water Pol l ut i on Control  Admi n i s­
trati on, U . S .  Depa rtment of the I nteri or , i n  cooperati on wi th the 
New York State Hea l th Department , Mon roe County Heal th Depa rtment , 
U . S. Co rps of Engi neers ,  and U. S .  Geol og i cal Survey . 
Areas of I nterest 
Th i s  report dea l s  wi th the deep water areas of Lake Ontari o.  
A separa te report ent it l ed 1 1 M i nor Tri butari es Area 11 wi l l  deal w ith  
the sha l l ower water areas. Th i s  report i nc l udes bi o l ogi ca l  and 
chemi cal data obta i ned from three samp l i ng c ru i ses conducted by the 
Lake Ontari o Program Offi ce , usi ng  the Corps of Eng i n eers vesse l 
T-501 . Physi cal  and sed i mentary data were obta i ned from the T-501 
cru i ses and the th ree sepa rate phases of operati on carried out by 
the physi cal  oceanography secti on . 
Deep Water Sampl i ng 
Th ree major  sampl i n g  cru i ses were conducted by the Lake Ontari o 
Program Offi ce duri ng 1 965, usi ng the Corps of Engi neers 60-foot 
vessel T-50 1 . Th i s  vesse l was equ i pped with l aboratory fac i l i ti es 
for mi crob i ol ogi cal , b i o l og i ca l , and chemi cal  work . At the t i me of 
sampling, physical parameters such as air temperatures, win� velocity, 
and water temperatures were also recorded. 
Forty-two stations (Figure l�l) were sampled in May, Cruise 102; 
late July-early August, Cruise 1 03; and in late September-early 
October, Cruise 104. Cruise 101 was carried out while setting the 
first series of current-metering stations in August 1964. The purpose 
of Cruise 1 02,  103, and 104 was to gather data on the various chemical, 
biological , and physical parameters of the lake. Cruise 101 was a 
reconnaisance sampling cruise to gather background data to help in 
Planning the three major cruises. Data from Cruise 101 have not been 
included in this report. 
Related Work 
The lake study was conducted as part of the development of a 
comprehensive water pollution control program for the Lake Ontario 
Basin, which is documented in several sub-basin reports. Each of 
these reports presents a survey of major pollution problems , water 
uses and trends in water usage , and presents a program for the abate­
ment of water pollution in the Basin. 
The reports are titled: "A Water Pollution Control Program for 
the Black and U. S .  St. Lawrence River Basins11 , "A Water Pollution 
Control Program for the Genesee River Basin" , "A  Water Pollution 
Control Program for the Minor Tributary Basins of Lake Ontario", 
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Morphometry 
Chapter 2 
LAKE ENVIRONMENT 
Lake Ontari o i s  a rel ati vel y narrow deep l ake wi th i ts l ong axi s 
al i gned i n  an eas t-west d i rect ion .  The l ake , F i gure 2-1, i s  approxi ­
matel y 190 mi l es (305 km) l ong and 53 mi l es (85 km) wi de . Its  greatest 
depth i s  840 feet (256 meters ) ;  the average depth i s  300 feet (91 
meters ) .  The total vol ume of the l ake i s  390 cub i c  mil es (1628 cub i c  
km) ; 85 percent of th i s  vol ume i s  bel ow the thermocl i ne i n  s ummer. 
The surface area of th e l ake i s  7, 600 squ are mi l es (19, 684 sq. km) , 
and i ts bas i na l  area.i s 34,800 square mi l es (90,130 sq . km) . The 
el evation of the l ake ' s  surface i s  245 feet above sea l evel , and 
i t s  deepest part i s  approxi mate l y  600 feet (185 meters ) be l ow sea 
l evel . 
Lake Ontario ,  F i gu re 2- 1 ,  can be cons i dered to have two l ongi ­
tudi nal  bas i n s : the western bas i n  comp ri ses a lmost two-th i rds  of 
the l ake and has  a maximum depth of 630 feet (192 meters ) ,  and the 
other at the eastern end of the l ake has a maximum depth of 840 feet 
(256 meters ). The deeper bas i n ,  wh i l e  smal l er ,  i s  more sh arpl y 
defi ned .  A ri dge , whi ch appea rs to b e  geol ogi ca l l y  control l ed ,  
separates the bas i n s  wi th a maximum s i l l  depth of 540 feet (165 meters ) .  
2-1 
� 
-N-
� 
c 
10 0 10 20 3()mi. 
NEW Y 0 R K 
N BATHYMETRIC CHART OF I 
LAKE ONTARIO 
NOTE: DEPTH lN FEEl' 
The difference in depth between the two basins can be explained by a 
difference in sedimentation rates. This would also account for the 
more gentle bathymetry of the western basin . The southern side of 
the lake is steeper than the northern side , due to differentiated 
glacial scour during Pleistocene time. 
Figure 2-2 is a hypsometric curve for Lake Ontario proper , 
excluding the bay-like area northeast of Duck Island. Inasmuch as 
the curve is almost linear , the percent of surface area can be inter­
preted as percent of volume. One very important physical characteristic 
of Lake Ontario is apparent: the large volume of water mass per unit 
surface area. If we assume that the average depth to the thermocline 
is 70 feet (2 1 meters ) , then 85 percent of the lake1S water mass 
is below the epilimnion. In comparison , the situation is nearly reversed 
in Lake Erie. This physical characteristic has far-reaching effects 
on the chemical and biological systems within the lake. For example , 
a large reserve of oxygen exists in the hypolimnion , so it is unlikely 
that a serious overall depletion of oxygen will occur; however , this 
should not be taken to mean that serious local depletion will not occur. 
As regards the biota , a relatively small surface growing area 
exists in comparison to the volume of the water mass; thus , Lake Ontario 
has a large nutrient reserve in comparison to the growing area. 
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Al so , w ith  the l arge oxygen reserve avai l abl e i n  Lake Ontari o ,  i t  
woul d requ i re a very l a rge amount of phytopl ankton producti on i n  the 
s urface waters to cause a gen eral i zed depl et i on of d i ssol ved oxygen 
i n  the hypol i mn i on of Lake Ontari o .  The effects  of t he bas i n's 
physi cal shape on the chemi cal , b i o l og i ca l , and phys i ca l  cha racteri sti cs 
of the water mas s  wi l l  be di scussed fu rther on i n  thi s report . 
Hydrol ogy 
The N i a gara Ri ver , Tabl e I ,  wi th a mean annual i n fl ow i nto Lake 
Ontari o of approximately 200 , 000 cfs , i s  by far the greatest  hydro l ogi c 
factor i nfl uenc i ng the l ake envi ron ment . The d i stri buti on of thi s fl ow 
i s  qu i te even because of the dampen i ng i n fl uences caused by the upstream 
l akes and regu l at i on by power pl ants , and th e resul t i s  that an essen­
t i a l l y  steady state gradi ent  fl ow i s  constant ly  i mposed on Lake Ontario , 
extend i ng from the ri ve r's mouth to the l ake ' s  out l et at the St . 
Lawrence Ri ver . 
Other maj or ri vers are few i n  the Lake Ontari o Bas i n .  !hey are 
the Oswego Ri ver , whi ch dra i n s  the Fi nger Lakes Reg ion;  the Genesee Ri verl 
wh i ch dra i n s  the Appa l ach i an Front ; the Bl ack Ri ver ,  wh i ch d ra i ns the 
wes tern Ad i rondack Mounta i ns ; and the Trent Ri ver ,  dra i n i ng part of 
Ontari o ,C anada . 
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Tab l e  I 
WATER BUDGET 
N i agara Ri ver 
Sma l l ri vers 
Rainfa l l 
Oswego Ri ver 
Bl a ck Ri ver 
Trent Ri ver 
Genesee Ri ver 
St. Lawrence R i ver 
Evaporat i on 
Vol ume of  Lake Ontari o 
Average Res i dence Ti me 
391 mi1es 3 
-:::2-::;--:1 9=-,-;:::o=oo::::--c-=f:-- s -n-e-=-t- = 8 • 4 year 5 
203 , 000 cfs 
1 9 , 500 cfs 
1 8 ,000 cfs 
6 , 500 cfs 
3 , 900 cfs 
3 , 1 00 cfs 
2 , 800 c fs 
2 38 ,000 cfs 
1 8 , 800 cfs 1 
391 cub i c mi l es 
1 Bruce , J .  P .  and Rodgers , G .  K. , 1 962 
The smal l er creeks and ri vers dra i n i ng the sedi mentary rocks 
al ong Lake Ontari o have fl ows that are characteri st i c of l imes tone 
terra i ns , with  h i gh s pri ng  runoff and very l ow s ummer fl ows . I n  the 
s ummer month s , al most a l l of t hese streams , because of s l u gg i sh fl ow 
and pol l ut i on ,  devel op s uch prol i fi c  growths of al gae and duckweed 
tha t very l i tt l e  open water can be seen near thei r mouths . 
The  mean annual  prec i p i tat i on i n  the l ake basi n  i s  approximatel y  
33 i nches , F i gure 2-3 . The l owest va l ues occur i n  the west-central  
part of the  bas i n  and the h i ghest val ues in  the  area of the Ad i rondack 
Mounta i ns and the Appa l ach i an Front . 
The retent ion t ime fo r water enter i ng  the l ake ( u s i ng the refi l l 
method ) i s  on the order of ei ght years.  The actual retenti on t i me ,  how­
ever , i s  affected by the  effects of strat i fi cat ion  and net c i rcu l ati on . 
Water i n  the deeper pa rts of the l ake i s  retai ned for very l on g  peri od s .  
The retenti on t i me ,  con s i deri ng  s uch factors a s  c i rcu l ati on , the effects 
of strat i fi cat i on , and that outfl owi ng waters are a mi x of Lake Eri e and 
L ake Ontari o waters , etc . , i s  over 15 years . 
C l i mate 
Al though the Lake Ontari o Bas i n i s  cons i dered to have a conti nental 
cl i mate , the l ake has  a moderati ng effect a nd bri ngs to the area i n­
fl uences of a mar ine  c l i mate that a re a pparent i n  s uch el ements as 
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temperatu re and humi d i ty,  and the us ua l effects of l and  and l ake breezes . 
Duri ng  the s ummer months the l ake stores up  heat  ( the maxi mum heat 
content of the l a ke occurs after the maxi mum surface temperatures  are 
reached . See G .  K. Rodgers and D.  V. Anderson . ) whi c h  i s  re l eased to 
the atmosph ere duri ng  the l ate fal l and early wi nter as i t  cool s ,  thu s 
del ayi ng  the  onset of  col d weather .  I n  the  s pri ng  the revers e  i s  true ; 
the col d l ake waters take u p  heat by cooli ng  the a i r masses and del ay 
the  onset of warm weather . Upper and l ower extremes of temperatu re a re 
mod i fi ed by th i s  l a ke effect so that the da i l y,  as wel l as the l ong­
term ,  range of temperature i s  l ess than normal at th i s  l ati tude . The 
average range i s  between 70°F .  ( 2 l °C ) i n  J u ly and 25°F .  ( -4°C ) i n  
February.  Summer temperatures rarel y  reach 1 00°F.  ( 38°C ) , and t he 
wi nter mi n i mum rarel y reaches  0°F .  ( -l 8°C ) . The l ake effect a l so 
i ncreased the c l oud i ness  dur ing  col d weather , when a i r  mas ses that are 
warmed , and whose mo i sture content i ncreased i n  pas s i ng over the l ak e ,  
a re cool ed upon stri k i ng the coo l er l and mass . Snowfal l s ,  s o  caused , 
a re frequen t  and somet imes severe. 
Another factor govern i ng the a rea • s  cl i mate i s  the St . L awrence 
storm track . Cycl on i c  systems passi ng up  th i s  track bri n g  i n  moi sture 
from the Gu l f  of Mexi co and are the pri nc i pal  source of rai nfa l l i n  th� 
area . 
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Geo l ogy 
Lake Ontari o l i es whol l y  i n  Pa l eozoi c rocks of Ordov i c i an Age 
excavated al ong the axi s of a former val l ey by gl aci ers i n  Pl ei stocene 
t i me .  At one t i me i n  the pas t ,  geol ogi cal l y  s pea k i n g , the l ake bas i n  
was actu al l y  an arm of the sea. 
The axi s of the l a ke i s  ori ented pa ra l l el to the stri ke of the 
rocks , wh i ch d i p  so uthward. Al ong the southern s i de of the l ake , the 
N i aga ra dol omi te , sharpl y defi ned at  N i agara Fal l s ,  forms a rim that 
gradual l y  d i sappears i n  an easterly di recti on. The deeper  part of the 
l ake , to the so uth of  center , was excavated i n  the l es s  res i stant 
Queenstown shal e. The northern part of the l ake bas i n i s  underl a i n 
by ol der and more res i stant l i mestone . 
The s uperfi c i a l geol ogy of the bas i n  i s  the result of mari ne, 
gl ac i a l , and l ake depo s i t i on and eros i on .  
Sed i ments 
Phys i ca l  
Duri ng  Ju l y  1 965 , s edi ment samp l es were col l ected on a 1 0-mi le 
( 1 6  km ) s paci ng  th roughout the l ake. Sand mi xed wi th boul ders and 
pebbl es was found a l l al ong the edge of  the l ake from the s hore l i ne 
out to depths of 77 feet (22 meters ) or more . ( So-cal l ed sh i ngl e 
beaches a re common a l ong the southern s hore l i ne . ) Most  of th i s  materi al 
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comes from the numerous gl aci al  and bedrock ( shal e ) depos i ts found 
al ong the shore. On the Canad i an s i de ,  these depos i ts are much more 
extens i ve ;  i n  some areas sand i s  found out to depths of  200 feet 
(61 meters ) . Nea r Scotch Bonnet Shoal there i s  a l a rge extens i ve 
shel f a rea wi th numerous boul ders and pebbl e s  mi xed wi th redd i sh 
sand . Thi s she l f a rea extends from Col bourne , Ontari o ,  around the 
eastern r i m  of the l a ke to the s outhwestern end of Mexi co Bay . 
From the edge of the sand depos i ts ,  the sed i ments grade l atera l l y  
from sand t o  s i l t  to cl ay , wi th vari ous  mi xtures i n  between. 
Sand al so was found to be present i n  the sampl es obta i ned from 
the deep b a s i ns , a l ong wi th the cl ays and s i l ts .  The source of the 
sand i n  these sampl es  a ppears to be wi nd- bl own materi al  because of 
the fresh- l ooki ng  fractures  and angular  shapes . Sedi ments from two 
so urces are bei ng depos i ted i n  the deep ba s i ns:  those deri ved from 
stream and shore ero s i on and a wi nd-carri ed fracti on . 
Chemi ca l 
Twenty-fi ve sed i ment s ampl es from Crui s e  1 0 3  and 34 samp l es from 
Cru i se 104 were ana l yzed for several parameters , two of wh i ch were 
tota l i ron and tota l phos phate. The res ul ts of th i s  study suggest  
that the amount of phosph ate i n  the sediment i s  rel ated to the amount 
of i ron i n  the sed i men t ,  s i nce the rat i o  of phosphate to i ron di d not 
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vary s i gn i fi cantl y between the two cru i se s , whi l e  the  total amoun t  of 
iron did. The amount of i ron was l es s  for Cru i se  104 than for Cru i se 
1 03 on a stati on-to-station c ompari son. Thi s con s i sten t di fference 
cannot be attributed to a l aboratory e rror i nasmuch as three  ana lyti cS 
separate run s  were made u sing sampl e s  from b oth c ru i s e s  for each run. 
The mea n  percent of  i nterst i t i a l  water by we i ght for these 
sediment s amp l e s  was 60 and ranged from a h i gh of  68 percent to a loW 
o f  20 percen t. The amount of  i nterst i t i al water appears to be rel ated 
to the  depth from wh i ch the  s amp l e  was t a ken; the  g re ater the depth , 
the more i nterst i ti al water. 
Where enough of t hi s i ntersti ti a l  water cou l d  be obtai ned for� 
val i d  resu l t ,  anal ys i s for i ron and phos phate was made. The res ul t s 
of  thi s study , when compared to the l ake  waters , s h ow that phos phate 
was hi gher i n  the i ntersti tjal waters , on the  average , by a factor of 
1 0. Anal ysis for i ron  was not made i n  the water s ampl i ng cru i ses , so 
no comparison between 1ake water  and i nters t i t i al water can be made 
for iron.  The amount of i ron i n  the i nters t i t i al water averaged 
. 037 mg/1 . 
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I ntrodu ct i on 
Chapter 3 
B I OLOGY O F  LAKE ONTARIO 
The b i ota of Lake Ontari o are of g reat i mportance , for they 
represent the overal l effect on the env i ronment of a seri es of chemi ca l  
and  phys i cal  systems ex i st i ng i n  the l ake .  Changes i n  the b i ota can  
be , a nd often are ,  detected before measurab l e  c hanges occur  i n ,  for 
exampl e ,  th e c hemi stry .  They can often mas k any changes  that have 
occurred i n  the  l ake chemi stry as wel l .  
Benth i c  Fauna 
The benthic fa una of Lake Ontari o is compri s ed of s i x  pri nc i pa l  
organ i sms . Two types , Amphi poda ( scuds ) and Ol i gochaeta ·  ( s l udgeworms ) 
const i t uted 95 percent of a l l organ i sms col l ected ; the  rema i n i ng 5 
percent con s i sted of Sph aeri i dae ( fi ngerna i l  c l ams ) , Ch i ronomi dae 
( bl oodworms ) ,  I sopoda ( aquati c sow bugs ) , and H i rud i nea ( l eeches ) , 
i n  order  of i mportance . Amph i poda were domi nant organ i sms at a l l 
stat i ons ex cept number 1 0 ,  near the mouth of the N i agara R i ver .  
The  range i n  n umbers of organ i sms per  square meter var i ed  from 0 
to 5 ,400 , of  wh i ch s cuds and s l udgeworms compri sed a pproximatel y 70 
percent and 20 percent , respect i vel y ,  at  the deep-water s tati ons .  
Areas  where greater n umbers of b i ota genera l ly exi sted were the 
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western end of the lake (in the Toronto-Hami l ton-Ni agara River area) 
near the mouths of the Genesee , Os wego, and Black Rivers, and Mexico 
Bay. 
Inasmuch as the sampling stations were 10 to 15 mi l es (16 to 24 
apart, these biological data shou l d  be cons i de red only of a general 
nature. Sampling should be done on a much denser s cal e if the areal 
extent and gradational distribution of the biota are to be noted. Tl 
is pa rticul arly true of th e benthi c fauna where significant changes 
quality and quantity of biota occur in short distances . Sampl in g 
phytopl ankton can be done on a s omewhat wider scal e because their 
distribution is related more to a particular water mass. However, 
such physical factors as the time of day, the type of weather , and 
the tempe rature of the water a l so govern the type and quantity of t� 
organisms present. 
Amphipoda (scuds) 
Amphipoda are consi dered to be of an intermediate type as regar 
tol erance of pollution. Included also in thi s category are such 
organisms as certai n midges, fingernail clams, snails, and dragon f 
nymph s . The areal distribution of Amphipoda for Cruises 102, 103, 
and 104 is shown i n  Figu res 3-1 , 3-2,  and 3-3, respectively. The 
patchlike patterns are partly due to area l distribution and spacing 
sampling sites. Data from all three cruis es show a continuous 
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Y o R K DI S TRIB UTI ON OF AMPHIPODA 
CRUIS E 104 
distribution of Amphipoda in the eastern end of the lake. The widest 
areal distribution was observed during Cruise 1 04, which also 
coincided with the greatest number of Amphipoda observed. The fewest 
number of Amphipoda observed was during Cruise 102 , Figure 3-l. 
The general overall distribution of Amphipoda observed during the 
three cruises shows that their greatest number and widest areal 
distribution occur in areas of high pollutional (nutrient) input 
into the lake. 
Oligochaeta (sludgeworms) 
The distribution of Oligochaeta, generally considered a pollution· 
tolerant organism, was not adequate for presentation on charts since 
they varied greatly in quantity and areal extent. Data from Cruise 
1 02 show that Oligochaeta are found in the eastern end of the basin 
(count of 200 or less) and in particular off the mouth of the Niagara 
River (Station 1 0) ,  where a count of 4 ,000 organisms was made. 
Counts as high as 250 organisms/meter2 were found in the vicinity 
of the Oswego and Genesee Rivers. 
Data from Cruise 1 03 showed a general increase in Oligochaeta 
during the summer months in the Toronto-Hamilton area at Station 1 0  
near the mouth of the lake , in the Mexico Bay area off the mouth of 
the Oswego River , and at Station 29 (1 , 000 organisms/meter2) near 
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Scotch Bonnet Shoal . These i ncreases are probably rel ated to an 
i ncrease i n  sed i ment nutri ents and a warmi ng of the muds i n  the 
shal l ower areas .  Sed iments that contai ned the h i gh numbers of 
Ol i gochaeta i n  general were i n  a reduced state. Stati on 23 , off 
Rochester , showed a marked decrease duri ng the summer for wh i ch no 
expl anati on i s  avai l able . 
Data from Crui se 1 04 show the same areal d i stri buti on of Ol i gochaeta 
as Crui s e  1 03, but the quanti ty decl i ned . 
The greatest areal extent of O l i gochaeta was observed i n  the 
eastern end of the l ake .  The  hi ghest count was observed near the 
mouth of the Ni agara Ri ver. Whi l e  i t  appears O l i gochaeta prefer 
shal l ower areas of the l ake, th ey a re most wi despread i n  areas of 
h i ghest pol l uti onal i nput (western end ) to the l ake. 
Phytopl ankton 
The dens i ti es of phytopl ankton i n  Lake Ontario ranged from a 
mi ni mum of 50 organi sms per mi l l i l i ter to a maxi mum of 3,600 organi sms 
per mi l l i l i ter du ri ng  the three crui ses . I n  May of 1 965, the total 
counts were greater than i n  Jul y  or September.  These counts refl ected 
a spri ng pu l se ,  wh i ch consi sted predominantly of the green a l ga 
Scenedesmus . Duri ng C ru i ses 103 and 1 04, the predomi nant form 
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observed was Chlamydomonas , a fl agellated green a l g a .  Scenedesmus 
and Chlamydomonas are not found as the domi nant forms i n  the other 
Great Lakes , wi th the excepti on of Lake Eri e. Both forms are con­
sidered to be indi cati ve of enri ched waters . 
Di atoms 
The h i ghest dens i ties of d i atoms , both centri c and pennate 
und ifferenti ated , were observed during Crui se 1 02 ( Fi gure 3-4). 
Hi gh  dens i ti es were found i n  the western end of the basi n ( the Toronto­
Hami lton-N i agara Ri ver area ) . The l owes t  di atom dens i ti es were 
observed along the southern shorel i ne .  The northeastern area of the 
lake showed th e greates t areal extent of h i gh d i atom counts. 
The d i stri buti on of the spri ng  pulse of di atoms was rel ated to the 
distri buti on of d i ssol ved s i l i con d i oxi de i n  the water. ( See Fi gure 
5-30). 
Cru i se 1 03 showed a marked decrease i n  di atoms whi ch paral l e l ed a 
decrease i n  di ssol ved si li con di oxi de i n  the water.  Cru i se 1 04 showed 
a s l i ght recovery in the number of di atoms , but thi s  recovery was not 
related to any measured i ncrease i n  di ssolved s i li con di oxi de. The data 
from Cru i ses 103 and 1 04 are not di spl ayed on charts because the d i stri ­
buti on of d i atoms was too scattered . 
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Chl orophyl l  
Ch l orophyl l concentrati ons  are i nd i cat i ve of the pl ankton i c concen­
trations  present i n  th e water mass  i nasmuch as the amount of chl orophyl l 
i s  re l ated to the photosynthet i c  proces s .  
Data from Crui se 102 ( F i gure 3-5 )  show l arge amounts of ch l orophy l l 
i n  the wes tern end of the bas i n. Th i s  probably represents a spri ng  
pul se  wh i ch a l so shows up  in  the ch emi stry data ( Fi gure 5-�) as an 
area where supersaturat i on val ues for di s sol ved oxygen were observed . 
The l owest  ch l orophyl l val ues ( l ess  than 5 mi l l i grams /meter3 ) were 
observed i n  the area of Scotch Bonnet Shoal  and appear to be i n  the 
same area where h i gh d i atom dens i t i es were reported ; however , the di atom 
popu l ati on may have been at a d i fferent  depth than where the ch l oro­
phyl l sampl e was taken. Th i s  d i stri but i on pattern corresponds wi th the 
temperature and ci rcul ati on of the l ake obs erved at the same ti me .  
Data from Cru i se 103 ( Fi gu re 3�6) show an overa l l i ncrease i n  the 
chl orophyl l .  Notabl e were the h i gh chl orophyl l concentrati ons found 
off the Genesee Ri ver ; wherea s both the N i agara and Oswego Ri vers s howed 
no such l evel s of concentrati on . 
Data from Crui se  104 ( F i gu re 3-7 ) wh i l e  i ncomp l ete ( no sampl es were 
taken east  of Sodus Bay) , s how a further i ncrease i n  chl orophyl l concen­
trati ons .  Val ues above 1 0  mi l l i grams/meter3 are found  near the ri ver 
mouths ,  Scotch Bonnet Shoal , mi d-l ake , and i n  the Toronto-Hami l ton 
a rea. At no t i me were concentrat i on s  bel ow 5 mi l l i grams/meter3 observed. 
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surface 
In general , the di stri buti on of ch l oroph yl l concentrati ons refl ects 
temperature and ci rcu l ati on patterns at the ti me of sampl i ng .  The 
resul ts presented h ere represent th e fi rst l ake-wi de ch l orophyl l sampl i ng 
carri ed out on Lake Ontari o .  Some of the apparent di screpanc i es, s uch 
as the devel opment of chl orophyl l concentrati ons off the Genesee Ri ver 
and no appa rent concentrati ons at other stream mouth s ,  may represent 
fl ow condi ti ons or a d i fference of dens i ty between l ake and stream 
waters, and,because sampl i n g  was carri ed out onl y at a depth of one 
meter, a concentrati on of pl an kton at a di fferent depth woul d have 
been m i s sed . 
I t  i s  fel t, however, that wi th refi nement the c h l orophyl l concen­
trati ons i n  conj uncti on wi th c hemi cal data ( nutri ent con centrati on s )  
wi l l  enabl e one to esti mate the pl ankton crop .  
Cl adophora 
Probabl y the maj or  and most perp l exi ng  bi o l ogi cal probl em i n  L ake 
Ontari o i s  the yearl y c rop of C l adophbra • The genus Cl adophora i s  an 
attached branched fi l amentous green a l ga, whose di stri buti on i s  wor l d­
wi de . Al ong wi th a s uffi c i ent  nutri ent l evel , a su i tabl e bottom, such 
as rocks or other coarse materi al , i s  necessary for the growth of 
C l adophora. In Lake Ontari o, most nutri ent- ri ch waste effl uents are 
di scharged i nto the water fl oat on the surface and dri ft to accumul ate 
i n  the i ns hore a reas where the sed i mentary materi a l , l argel y cobbl e­
stones, affords an excel l ent bottom for a l gal attachment 
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Prol i fi c  growths of Cladophora h ave been reported i n  Lake 
Ontari o as far back as 1 932 (Ne i l  and Owen,  1 954 ) . The di stri buti on 
of Cl adophora appears to be governed by water movements , for the growths 
are most prol i fi c  where currents keep the suppl y of nutri ents h i gh. 
Where local cond i ti ons  tend to h i nder water  movement ,  the concentrati ons 
are l ower . This a l ga al so appears to be qu i te tol erant of temperature , 
for i t  i s  found growing  under a wi de range of temperatures . Light 
penetrati on governs the depth at whi ch C l adophora are found ; i n  Lake 
Onta ri o i t  i s  found at depth s of 30 feet or more . On oceanographi c 
equ i pment l ocated i n  mi d-l ake, growth s of Cl adophora were found on 
current meters l ocated at the 50-foot l evel . Cl adophora al so  devel op 
best  i n  an envi ronment where pH ( Pres cott ' s  fi ndi n gs may be mi s l eadi ng, 
i nasmuch a s  the h i gher pH val ues may be the res ul t of, not the cause of , 
Cl adophora growths ) val ues are h i gh (Prescott, 1 951 ) ,  such as are found 
i n Lake Ontari o. The resul ts of s tudi es by Nei l and Owen ( 1 954) to 
determi ne the l i mi ti ng factors s uggested that phosphorus , rather than 
n i trogen ,  i s  the l i mi ti ng nutrient. 
Cl adophora growth beg i ns i n  early spri ng wi th a fri nge-l i ke growth 
and devel ops rapi dl y  i nto strands 15  i nches or s o  i n  l ength by l ate June .  
These strands at  ti mes brea k away from thei r s ubstrate , dri ft up  onto 
the shore, decompose ,  and cause strong odors and an uns i ghtly condi ti on. 
3-8 
Duri ng the earl y summer months at Lake Ontari o bathi ng beaches, 
i t  i s  a common occurrence to see no swi mmers i n  the water and l i fe-· 
gua rds raki ng a nd s hovel i ng Cl adophora mixed wi th dead fi sh , (the di 
off of al ewi ves beg i ns i n  May and con ti nues unti l l ate Jul y ) ,  partiJ 
cul arly  i n  a reas where a rti fi c i a l  groi ns have trapped the a l gae and: 
dead fi sh by thei r i nterference wi th the l i ttoral  dri ft, such as  oc( 
at Webster Beach near Rochester .  To say that i t  i s  an unsi ghtly mes 
that l akeshore property val ues are affected, and that recreati on i s  
i mpa i red, i s  i ndeed an unders tatement. 
Fi s h i ng 
Lake Ontari o never has had a good commerci al fi shery .  Wh i l e C2 
part i cul a rl y  i n  the years before 1 930, were cons i dered good , wi th ar 
annual producti on of approxi mat�ly 5 mi l l i on pounds , the annual proc 
ti on ha s now dropped to l ess than 2 mi l l i on pounds . The decl i ne i �  
commerci al fi shery i s  rel ated to the decl i ne of the des i rabl e speciE 
such as l ake trout and ci sco, and i s  not i ndi cat i ve of the total fij 
l i fe contai ned wi th i n  the l ake, i nasmuch as  th e numbers of certai n:� 
spec i es of fi sh  have i ncreased, parti cul arl y the al ewi fe ,  wh i te pe� 
and smel t .  
Sea- l amprey predati sm,  whi ch threatens the l ake trout when i t  
fai rl y  matu re (about three years ol d ) ,  i s  a maj or factor i n  the deC 
of 1 ake trout.  Lake Ontari o was the fi rst of the Great Lakes to be, 
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i nvaded by the sea l amprey. However , i t  i s  di ffi cul t to see how the 
l amprey al one coul d account for the dec l i n e  of t he l ake trout , i nasmuch 
as  the l amprey has been present i n  the l ake s i nce before 1 900 and the 
major decl i ne of l ake trout began in 1 930 . ( The fi rst heavy growths of 
C l adophora i n  the l ake were fi rst reported i n  1 9 32 ) .  Al so s i gn i fi cant 
i s  the predati sm of the i ncreasi ng numbers of a l ewi fe and smel t ,  wh i ch 
threatens the trout s pawn . Interesti ng i s  the i ncreasi ng  number of 
reports of a s pri ng  run of ra i n bow trout , wh i ch ,  unl i ke the l ake trout , 
i s  a stream s pawner and thus may escape the early predat i sm by oth er 
l ake fi sh . The fact that Lake Ontario does not have a bal anced fi sh  
popu l ati on or a s i gn i fi cant commerci al  harvest , in  effect , i ncreases 
the propagation  of al gae . 
Al ewi ves present a serious probl em i n  Lake Ontari o because they 
apparentl y have a two-yea r l i fe cyc l e ,  and i n  l ate May or June , when 
the di e-off i s  mos t  severe , numerous wi ndrows of dead fi sh a re v i s i bl e  
throughout the l ake . These fi sh  eventual l y  dri ft or are dri ven i nto 
the l i ttoral zone . Decompos i ti on of these fi sh enri ches the i nshore 
waters w i th l arge amounts of nutri ents , notably phosphorus . Th i s  may 
i nd i rectl y  st i mul ate the heavy growths of Cl adophora . 
A suggested sol ut i on i s  that a commerc i a l  al ewi fe fi shery be 
devel oped and that efforts be made to promote the g rowth of des i rabl e 
speci es of fi sh , pos s i bl y  the rai nbow trout or coho sa l mon . Thi s wou l d  
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help to cut down on the number of alewives and smelt while increasing 
the number of desirable species and, in effect, would remove phosphat 
from the water mass by harvesting and by increased retention (storage 
time in the phosphate cycle. It should be pointed out here that such 
fish as coho salmon and rainbow trout need unpolluted streams for 
spawning. If, for example, the number of alewives present in Lake 
Ontario is proportional to the number in Lake Michigan, as reported bY 
the Bureau of Commercial Fisheries, 150,000 pounds of phosphate could 
be harvested each year without affecting the alewife population. ThiS 
would amount to less than a one percent removal of the gross input of 
phosphate each year, but, if one assumes that during the month of June 
input to the Ontario phosphate budget is reduced by 150,000 pounds 
because of a reduction in die-off, the actual effect of this is much 
greater, perhaps as much as 20 percent, particularly if the harvesting 
was done in early spring. A;thorough study, however, should be made 
before introducing· any new species of fish into Lake Ontario so that 
the long-term result is not merely the substitution of one problem 
for another. 
Trophogenic Zone 
The trophogenic zone is defined by Ruttner as "the superficial 
layer of a lake in which organic production from mineral substances 
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ta kes p l ace on the bas i s of 1 i ght energy.. . Th i s zone has  been further 
defi ned a s  the l ayer that encompas ses 99  pe rcent of the i nci dent l i ght .  
The th i ckness of the trophogeni c zone in  Lake Onta ri o  was  measured by a 
s ubma ri n e  photometer , wh i ch con s i sted s i mp ly  of an i nci dent l i ght 
reference ce l l and a s ubmergi bl e cel l that was l owered unt i l i t  measured 
a l i ght val ue that wa s one percent of the val ue recorded by the  reference 
cel l . I nasmuch  as the l ength of dayl i ght i n  the l a ke depth s i s  i nversely 
proporti ona l to  the  depth , and  s amp l i ng was carr ied out  throughout the  
day ,  these data shoul d be  cons i dered on l y  fai r. 
Li ght penetrati on i nto l ake water i s  an i mportant phys i ca l  factor 
for pl ant l i fe. If l i ght penetrat i on i s  l ow, i t  affects the who l e  
b i o l ogy . The pri nc i pa l  factors that affect the depth o f  penetrati on 
are s uspended pl ants and an i mal s and suspended parti cul ate materi a l  
s uc h  as c l ays, s i l ts ,  and  col l o i ds .  
Fi gures  3-8, 3-9 , and 3-10 s how the  depth of  the trophogeni c zone 
for the th ree cru i ses . I n  May ( Cru i se 1 02 ) , Fi gure 3-8 ,  the shal l owest 
penetrat i on was recorded near the mouth s of the major ri vers,  as one 
wou l d expect at th i s  t i me of year.  The shal l ow penetrat i on ( 20 feet ) 
shown at  the mo uth of the N i aga ra Ri ver, as compared to t he val ue 
found off the Genesee and Oswego R i vers ( 50 feet}, i s  probably due 
to s ampl i ng l ocati on s and not to a s i gn i fi can t  d i fference i n  turb i di ty 
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caused by ri ver di scharge . I n  May , the d i fference i n  depth of tropho-
gen i c  zone depends pri n ci pal ly  on sus pended s i l ts and cl ays . 
Fi gure 3-9 shows that the trophogen i c  zone duri ng Cru i s e  103 was 
genera l l y  sha l l ower than duri ng  Cru i se 102. The reason for th i s  i s  
most l i ke ly  due to an i ncrease i n  s uspended pl ankton and not to sus ­
pended si l ts and c l ays . The area of s hal l ow depths off the Oswego Ri ver 
corresponds to the area i n  wh i ch a pl ankton bl oom was reported duri ng  
Ju l y .  
Fi gu re 3-10 shows the trophogen i c  zone di stri but i on for Cru i se 104. 
Immedi ately apparent are the great l y  i ncreased depths . *  At th i s ti me 
of year , the fal l storms have not yet affected the l ake , and the produc­
t i on of pl ankton has l essened and/or s pread out i n  dept h . ** 
The di fference i n  the general overal l depth of the trophogen i c  zone 
noted from one cru i se  to the next i nd i cates a seasonal change i n  the 
makeup of the trophogeni c  zone . In general , these data al so agree wi th 
water ci rcu l ati on of the l ake duri ng  these peri ods . Impl i c i t  i s  the 
danger of defi n i ng a typi cal phys i ca l  characteri st i c such as thi s on 
the bas i s  of a few si ngl e sea son measurerr.ents . 
*Compari son of F i gu res 3-8, 3-9, and 3- 10 wi th Fi gu re 2- 1, sh ows the 
l imi ted zone where li ght reaches the bottom. 
**Duri ng  th i s  cal m  peri od i n  the fal l ,  the l ake i s  cool i ng ;  thu s the 
dens i ty of the epi l i mn i on i s  changi ng and i ncreas i ng i n  depth . 
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M ICROBI OLOGY OF LAKE ONTARIO  
The  m icrobi ol ogi cal study i n  the Lake Ontari o Bas i n  i nvesti gated 
the parameters of total col i form and total pl ate counts . Al l of these 
tests were conducted u s i ng the membrane  fi l ter techn i que. The total 
col i form test i s  used as an i ndex of a l l col i form organ i sms present and 
does not di fferenti ate th ose of  fecal  and non-feca l ori gi n .  The total 
pl ate counts i s  a s uppl emental test  wh i ch uses  a nutri ent medi a con­
duc i ve to the growth of bacteri a ,  i nc l udi ng  those of natura l waters and 
:the i ntesti nes . Pl ate counts at 20°C ( F i gure 4-1 and 4-2 )  are con s i dered 
rto g i ve an esti mate of heterotroph i c  bacteri a i n  natural waters . Pl ate 
counts at 35° C  ( Fi gures 4-3 and 4-4 )  are cons i dered i ndi cati ve of hetero­
troph i c  organ i sms of pol l uti onal ori g i n. 
I n  the eastern end of the l ake , total  p l ate counts and total col i form 
counts a re l ow, except duri ng Cru i se 1 03 ,  when a s l i ght i ncrease was 
noted i n  total col i form . Total  co l i form counts i n  the western part of 
the l ake were l ow. Many stat i ons  showed no col i forms ; a few , however ,  
were i n  the 500/100 mi l l i l i ters range , wi th the h i gh counts i n  the Niagara 
Ri ver and Toronto area . 
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The centra l  a rea of the l ake has the l owest  bacteri a counts of a l l .  
Part of the centra l  area d i d have h i gher counts of  total col i forms and 
total bacteri a .  Of these l ow counts , the non-pol l uti onal pl ate co unts 
were i n  the vi ci ni ty of Rochester ,  and a gradati ona l  di s tri buti on of 
these h i gher counts towards the northeast was noted . Total col i form 
counts were l ow ,  wi th some s tati ons record i n g zero duri n g  Crui se  1 02 .  
The h i gher of these l ow counts was recorded i n  the so uthern part . At 
s tati on 23,  the tota l col i form co unts were near  500 co l i forms/1 00 mi l l i ­
l i ters . 
The eastern end of the l ake s howed h i gher bacteri a l  val ues , espec i ­
a l l y  near the Oswego Ri ver. Tota l pl ate counts i nd i cated a greater 
amount of 20° C  ( non-pol l uti ona l ) organ i sms than the 35°C ( pol l ut i onal ) 
organ i sms . Total co l i form counts were l ow .  
The rol e that bacteri a pl ay i n  the l ake envi ronment i s  i mportant . 
However , i t  i s  an extremel y compl ex subj ect of wh i ch l i ttl e i s  known. 
We do know that certa i n  types of bacteri a reduce s u l ph ate and fi x 
n i trogen , and that s ome secrete s uch compo unds as  cal ci um ca rbonate 
and ferri c hydroxi de , but knowl edge of the chemi s try of th i s  bacteri al 
acti on  i s  l acki n g. Bacteri a ,  i n  general , through metabo l i c  processes , 
break down s ubstances i n to s i mpl er  forms wh i ch , i n  effect ,  make them 
more acceptabl e to the a l gae . 
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CHEMISTRY 
The ch emi stry of the l ake waters and the streams enteri ng  the l ake 
i s  mos t  important , for i t  i s  the mi neral substances d i ssol ved i n  these 
waters that govern t he type and q uant i ty of the an i ma l  and human 
communi t i es that establ i sh themsel ves wi th i n  the l ake bas i n .  How fi t 
these waters are for human cons umpti on , fi sh  l i fe ,  recreati on , i ndustry 
are a l l factors that govern the l ong-term producti vi ty of th i s  reg i on . 
The ch emi stry of the l ake waters i s  constantly changi n g ,  adj ust i ng  
to  bi ol ogi ca l , phys i ca l , and  chemi cal demands or  c hanges . Thu s , chemi cal 
parameters i n  themsel ves are not as di rectly mean i ngful  as we wo u l d  des i re 
them to be i n  eva l uat i ng  a l a rge l ake . Many el ements and/or compounds 
are pa rt of a b i ogeochemi cal system.  Con sequent ly,  a measurement of a 
part i cu l ar e l ement or compound represents on ly  what i s  exi st i ng i n  
that  part or pha se  of the system ;  i t  does not represen t  the quanti ty or 
speed of an el ement or compound movi ng through the system. For exampl e ,  
sed i ments may be abl e to supply from s torage certa i n  substances to the 
water mass  a s  rapi d ly as  the b iota may u se them ,  and , a s  a consequence , 
the concentrat i on of that s ub stance i n  the water mass woul d rema i n  constant . 
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I n  a l ake , the concept of avai l ab i l i ty to a b i ogeochemi cal system as 
opposed to concentrati on of a d i s s ol ved substance per � i s  i mportan t ;  
s i nce the l a kes have a stab il i ty { l ong  retention t i me )  un l ike st reams , 
where the chem i cal part of th ese b i ogeochemi ca l  systems can , and in rna� 
cases  do , reach and remai n at equ i l ibri um and may or may not rema i n  i n  
that state. 
The mos t  i mmedi ate probl em ,  h oweve r ,  i s  the control  of al gae .  The 
i mpl i cati on i s  that any chemi ca l  substance used by th e a l gae is part of 
a sys tem or cyc l e and that avail abi l i ty or l ack , rather than concentrat1 
i s  the meas ure of co ntrol . 
N i trogen 
N i t rogen occurs in Lake Ontari o i n  fi ve maj o r  forms : atmos pheriC 
n i trogen ( N2 ) ,  ammon i a ,  ( NH4+ 1 ) ,  n i trite ( No2- 1 ) ,  n i trate ( No3-1 ) ,  and 
as organi c  n i trogen compounds . Ni t rogen i s  a fundamental e l ement i n  an 
organ i sm • s  metabol ism ,  wh i ch i s  t he  synthe s is and ma i ntenance of  proto; 
pl asm.  
11N i trogen chemi stry i s  control l ed l a rgely  by bi ochemi cal reacti onS 
i n  n atural waters 11 • ( Lee & Hoadl y , 1 967 , p .  327 ) .  The  oxi dat i on and 
reduct i on of n i trogen compounds ( n itrogen cycl e )  are princ i pal l y  the  
res u l t  of enzymati c processes . 
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A graph i c comparison of { tri l inear diagrams ) the rel ative amounts 
of nitrate n itrogen , ammonia n i trogen , and organ i c  n i trogen , by percent 
wei ght , i n  Lake Ontario ,  us i ng  data from FWPCA cru i ses 1 02 ( May 1 96 5 ) , 
1 03 ( J u ly  1 965 ) ,  and 1 04 ( September 1 96 5 ) , Figures 5�1 , 5-2 , and 5-3  
respective l y ,  shows that in  the spri ng the surface l ayer is  rich i n  
n i tratel . but by Ju l y  an i ncrease i n  organ i c  n i trogen compounds occurs 
with a rel ated decrease i n  n i trate and ammon i a .  I n  the fal l ,  the 
amount of organ i c  n i t rogen i n  the surface l ayer l es sens and a corres­
pond i ng i ncrea se i n  n itrate and ammoni a  occurs . 
Verti cal l y ,  d uring th e s pri ng  ( FWPCA 1 02 ) , the amount of organic 
nitrogen and n i trate fol l owed no s pecific pattern , wh i ch probab l y  is a 
refl ect i on of changing l ake condit i on s . General l y ,  the rel ati on between 
orga n i c  n itrogen and n itrate n i trogen was an i nverse one . Ammon i a  
n i trogen concentrat i ons  appeared to be random. 
Vert i cal l y ,  d uri ng the  s ummer ( FWPCA 1 03 ) , a maxi mum of organic 
nitrogen was observed j u s t  above the thermocl i ne .  N i t rate n i trogen 
concentrations were observed to i ncreas e  from the s urface downwa rd . 
The n i trate maxi mum was u s ual l y  observed at  approxi matel y 1 50 meters deep .  
1 Duri ng t he  s pri n g  c ru i se ,  photosynthes i s  was a l ready occurri ng  and 
is refl ected in Fi gu re 5-l . Thu s , some n itrate , from supposed 
h i gher wi nter concentrati ons , has been converted i nto organ i c  
n i trogen . 
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However , th i s  observat i on coul d have b een a ffected by samp l i ng procedures . 
The ammoni a n i tro gen maxi mum us ua l l y  was l ocated j us t  above the thermo­
cl i ne .  
Vert i cal l y ,  duri ng  the fa l l  ( FWPCA 104 } , a n  overa l l i ncrease i n  
n i trate n i trogen concentrati ons was observed , max i mum aga i n  occurri ng  
at  the  1 50 meter depth. A corres pond i ng dec rease i n  organ i c  n i trogen 
was observed , max i mum aga i n  occurri ng above the thermoc l i ne.  Ammon i a  
n i trogen va ri ed , bu t the maxi mum normal ly  occurring  near the thermocl i n e .  
Ammoni a N i trogen 
Ammon i a  n i trogen i s  formed by the decompos i t i on of p l ant and 
an i mal matter . I t  i s  oxi di zed to n i trate i n  oxygen-conta i n i ng waters 
by mi croorgan i sms . 
Ammon i a  i s  rel ati vel y  unstabl e i n  the water of  Lake Ontari o. I t  i s  
fi rs t c hanged to n i tri te and then n i trate . Fi gures 5-4 , 5-5 , and 5-6 
s how the d i stri but i on of the ammon i a  i n  Lake Onta ri o s urface water for 
FWPCA cru i ses  1 02 ,  1 03 ,  and 1 04 res pecti vel y .  Obvi ous l y ,  the h i g her 
concentrat i ons of ammoni a  observed were i n  areas of metro- i ndustri a l  
devel opment and  stream di scharges . The wei ghted averages (we i g hted on 
bas i s  of vol ume of water mas s ) for ammon i a  for FWPCA cru i ses 1 02 ,  103 ,  
and 1 04 ,  were 0. 66 mg/1 N ,  0 . 04 mg/ 1 N ,  and 0 . 07 mg/1 N .  
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N i tri te 
N i tri te , l i ke ammon i a ,  i s  an i ntermed i ate product of the n i trogen 
cyc l e and i s  the res ul t of decomposi ti on; on further oxi dati on , n i tri te 
i s  converted to n i trate . I n  northern fres h water l akes , the regenera­
t ion proces ses of n i trogen apparentl y run to compl et i on ,  and i norgan i c  
n i trogen i s  present , pri nci pa l l y  a s  n i trate . Consequentl y ,  n i tri te i s  
trans i tory i n  the l ake envi ronment .  The water sampl es co l l ected by the 
FWPCA were not ana l yzed for ni tri te n i trogen . 
N i t rate N i trogen 
N i trate i s  the most  i mportant form of i norgan i c  n i trogen found i n  
natu ral  waters . I t  i s  the form of  n i trogen wh i ch i s  requ i red by most 
phytopl ankton , and i s  formed by the oxi dati on of organ i c  materi a l . 
The data col l ected by the FWPCA i n  1 965 ( F i gures 5-7 , 5 -8 ,  and 5-9 , 
cru i ses 1 02 ,  103, and 1 04 ,  res pecti vel y ) show that the h i ghest  concentra­
ti ons of n i trate i n  the surface water of Lake Ontari o were observed 
i n  the i nshore areas , part icu l arl y i n  area s of i nfl uent streams and metro­
i ndustri a l  centers . The wei ghted averages for n i trate concentrat i ons  
were 0 . 34 mg/ 1  N ( FWPCA C rui se 102 ) , 0 . 31 mg/ 1 N ( FWPCA Crui se 103) , and 
0 . 41 Mg/1 N ( FWPCA Cru i se 1 04) . 
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Organ i c  N i trogen 
Organi c n i trogen i s  the n i trogen that i s  bound up i n  organ i c  
materi al s , ran gi ng from comp lex prote i n s  to a s i mp l e  s ubs tance , s uch 
as urea. I t  con s i sts of two fracti ons : the di ssol ved organ i c  one 
and the parti cu l ate one , wh i ch i s  the fracti on bound up i n  the ani mate 
and i nan imate parti cl es  i n  suspens i on .  On decompos i t i on , the organ i c  
n i trogen compounds are oxi di zed i nto i norgan i c  n i trate n i trogen. The 
concentrat i ons of organ i c  n i trogen a l so g i ve some i ndi cati on of the 
l ake ' s pri mary producti on . Fi gures 5-1 0 ,  5-1 1 , and 5- 1 2  show the 
di stri buti on of organi c n i trogen i n  Lake Ontari o from FWPCA C rui ses 
1 02 ,  1 03 ,  and 1 04 ,  res pecti vel y .  H i gh organi c  ni trogen val ues are 
gener-a l ly  found i n  the i n shore area. Correspondi ngl y ,  the i nshore 
area i s  al so where the greatest b i ol ogi cal acti vi ty occurs . The h i ghest 
val ues were observed i n  the area of metro-i ndustri al  devel opment and 
maj or stream mouths . 
The wei ghted averages for organ i c  n i trogen , FWPCA Cru i ses 102 ,  103 ,  
and 104 were 0 . 20 mg/ l N ,  0 . 21 mg/ l N ,  and 0 . 20 mg/ l N ,  res pecti vely .  
Inasmuch a s  most of the organi c n i trogen i s  found i n  the epi l i mn i on ,  t he 
use of we i ghted averages g i ves greater wei ght to samp l es taken from 
deeper depths ( greater water mass and l ower concentrati ons ) . Th i s  i s  the 
reason for the apparent h i gh organi c n i trogen content of the l ake duri n g  
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the s pr i n g  c ru i s e ,  fo r at th i s  t i me t he l ake wa ter was s t i l l  i n  a state 
of fl ux . These fi gu res do represen t ,  however ,  the amoun t  of o rgan i c  
n i trogen occurr i n g  i n  the water mass . I n  compari son , the a ri thmet i c 
averages for o rgan i c  n i trogen i n  the l a ke for FWPCA Cru i ses 1 02, 1 03, 
and 1 04 were 0 . 26 mg/ l N ,  0 . 25 mg/ l N ,  and 0 . 2 3 mg/l N ,  res pect i ve l y .  
Gen era l D i s c us s i o n  
The probl em o f  eutrophi cati on i s  one o f  the ch i ef concerns about 
Lake On tari o .  The eu troph i cati on o f  a l a ke i s  th e bu i l dup o f  n u t ri ents 
in the l ake ' s  envi ronment c a u s ed by an i nterpl ay of eros i onal ma teri al s 
and numerou s  b i ol og i cal , chemi cal , a nd phys i cal  processes . As the 
bu i l dup of n utri ents progre s s es , the l a ke acq u i res the capa c i ty to 
progres s i ve l y  produ ce a l arger b i oma s s . One way that the eu troph icati on 
proces s cou l d  be s l owed down i s  s i mpl y to determi ne wh i ch of the maj or 
nutr i ents i n  th e water mas s  was defi c i ent rel ati ve to th e others and 
then to fu rther contro l  the i npu t to the l a ke o f  the defi c i en t  ( l i mi ti n g ) 
nutr i ent .  
The protopl a sm of a l gae ( F l emi n g , 1 940 ) conta i n s n i trogen a nd 
phosphoru s i n  a mean rat i o  of 1 5 : 1 . Sawyer s uggested fu rther that one 
coul d determi ne i f  n i trogen or p hosphorus was the l imi t i n g  nutri ent by 
determi n i n g  what the rat i o  of n i trate n i trogen to phosphorus was i n  a 
l a ke . I n  l a kes where the rat i o o f  N : P  i n  the water mas s  was l es s  than 
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1 5 : 1 , the producti on of a l gae wo u l d be l imi ted by the avai l abi l i ty of 
n i trogen . Conversel y ,  wh ere th e N : P  rat i o s  were h i gher than 1 5 : 1 , 
phos phorus wou l d  be the l imi t i ng  nutri ent .  N : P rat io s  mus t ,  h owever,  
be u sed wi th  caut i on .  The  b i omass  can a l ter thei r rel at i ve demands 
for n i trogen and phos phorus i n  res ponse to changes i n  the rel ati ve 
supp ly  of these two nutri ents . A change i n  the rel at i ve u ptake o f  
n i trogen a n d  phosphorus  by t h e  bi omass  wou l d  a l so  affect t h e  N : P  rati O• 
Fresh water a l gae g rown under a phosphorus defi c i ent cond i t i on can 
i ncrease  thei r rel at i ve demand for n i trogen and ,converse ly , a l g�e grow� 
under n i trogen defi c i ent  cond i t i on s  l owered the i r rel ati ve demand for 
n i trogen ( Ketchum & Redfi el d ,  1 949 ) .  I n  L ake  Ontar io  surface waters , 
the N : P rat i os i n  1 965 were 2 3 : 1  i n  the  spr i ng  ( FWPCA Cru i se 1 0 2 ), 
1 8 : 1  i n  the s ummer ( FWPCA Crui se  1 03 ) , and 26 : 1  i n  the fa l l  ( FWPCA 
Cru i se 1 04 ) . Wh i l e  these n i trogen to phos phate rat i os must be i nter­
preted wi th  ca uti on , as out l i ned prev i ous l y ,  the s uggesti on i s  that 
phosphorus rather than n i trogen i s  the majo r  l i mi t i n g  n utri ent i n  Lake 
Ontari o .  
Phosph orus ( Phosphate ) 
Phospho rus  as phosphate i s  part of a comp l ex bi ogeochemi cal  cycl e 
i n  the l a ke env i ronment , the  detai l s  of  wh i ch are not c l earl y understn°0
' 
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So l ub l e phosphate i s  the phosphate measured a fter fi l teri n g  through a 
45 micron  fi l ter. Tota l ph osphate i s  a l l the phos phate. 
Sol ubl e Phosphate 
Fi gu re 5-1 3 {Crui se  102 )  shows the d i s tri but i on o f  so l ub l e phosphate 
i n  the s urface l ayer of  the l ake. O f  part i cu l ar note are the h i gh val ues 
of so l ub l e phosphate found i n  the weste rn end of the l ake and off the 
Oswego Ri ver. The d i stri but i on i s  si mi l ar to the d i stri but i on patterns  
found for pH , temperature ,  and d i s s ol ved oxygen , wh i ch is  as it  shou l d 
be i nasmuch  as al l o f  these  parameters are i nter-re l ated to a certa i n  
ex tent and i nfl uence phosph ate equ i l i bri a. The shape of  the h i gh sol ubl e 
phosphate a rea off O swego i s  probabl y due to change i n  ci rcul ati on 
( See Fi gu re 5- 1 8 )  wh i ch occurred wh i l e  s ampl i ng thi s area. 
Fi gu re 5-1 4 shows  the areal s urface di s tri but i on of  s o l ubl e phos­
pha te observed duri n g  C ru i se  1 03 .  H i gh va l ues  o f  phosph ate are found 
i n  the vi c i n i ty of ri ver mouths .  I t  i s  d i ffi cul t to say where the 
poo l of water i n  the v i c i n i ty of Ma i n  Duck I s l and , w i th i ts hi gh phosphate 
va l ues , formed ; i t  may have broken away from the Oswego Ri ver fl ow , or 
i ts s ource may have been the Bl ack  Ri ver. 
Fi gu re 5- 1 5 shows the d i s tri bu t i on of so l ubl e phos phate i n  the 
l ake ' s  surface l ayer observed duri ng C ru i se 1 04 .  An i ncrease i n  so l ubl e 
pho s ph ate was observed duri n g  t h i s peri od , part i cul arl y i n  the eastern 
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end of the l ake . Once agai n ,  the s urface waters near the mouth of the 
N i agara Ri ver are ri ch i n  phosphate . Pool s of phos phate concentrat i ons  
are scattered th roughout the  rest  of the l ake .  A l arge area of sol ub l e 
phosphate appears to ori gi nate at the mouth of the Oswego Ri ver , decreas­
i ng i n  concentrat i on as  i t  extends i nto the l ake . The reason for t he 
overa l l i ncrease i n  so l ubl e phosphate at th i s  ti me i s  unknown . In asmuch 
as the source of th e phosphate appears to be from ri ver i nfl ow ,  i t  may 
be rel ated to a reducti on i n  phosphate uptake by b i ota . 
Total  Phosph ate 
The tota l phosphate content of a water sampl e i ncl udes al l the  
sol ubl e orthophosphate ,  pol yphos ph ates , and  i n sol ubl e phosphates . No 
samp l es from Cru i se 1 02 were ana l yzed for total phos phate .  
Fi gure 5-1 6 i nd i cates the surface di stri buti on of tota l  phosphate 
observed duri ng  Cru i se 1 03 .  Total  phosphate val ues of . 1 0 mg/1 Po4-3 
( . 0 33 mg/1 P )  were found off the Rochester embayment ;  these were the 
h i ghest recorded val ues duri ng  t h i s study . D i s t i nct d i stri but i on patterns 
occur  i n  the vi ci n i ty of the Toronto-Hami l ton-N i agara R i ver area , and 
the Oswego R i ver.  
The res ul ts of Cru i se 1 04 ,  F i gu re 5- 1 7 ,  show a rather contorted 
d i stri but i on of total phos phate , much l i ke the data for sol ubl e phosphate 
{ Fi gure 5-1 5 ) . The concentrati ons of total phosphate near the mouth 
of the N i agara Ri ver have i n creased s i nce Cru i se 1 03 ,  wh i l e  the other 
major streams show a decrease  i n  total phosphate concentrati on .  
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I n  summary , phosphates i n  the l ake • s  watermass are trans i tory i n  
natu re , d ue  to  the b i ogeochemi cal cyc l i ng of phos phate , and the areal 
exten t of i nput by streams and the metropol i tan - i ndustri al compl exes 
is  vari abl e ,  consequent ly ,  it woul d seem that the reference  for phosphate 
l evel s i n  mai nta i n i ng water-qual i ty control s houl d be l ocated at the 
po i nt source of i nput to the l ake ,  rather than estab l i sh i ng a phosphate 
water-qual i ty c ri teri a for the water mass  as a whol e .  What i s  i mpor­
tant i s  the amount and type of phosphate avai l abl e to the bi ota and 
not j ust what i s  i n  sol ut i on ( l ow phosphate l evel s can be caused by 
the b i ota tak i ng u p  the phosphate ) . 
General Dj scuss i on 
I f  one con s i ders how l ong the Great Lakes have been i n  ex i stence , 
the quest i on i s  why haven • t  they become more contami nated? The 
an swer to th i s  question  i s  that a systemati c depoi son i ng of the hydro­
s phere has occurred i n  the pa st and i s  occurri ng  now .  Wi thout thi s 
depoi son i ng proces s a number of b i ol ogi ca l l y  damag i ng el ements woul d  
have caused seri ous po i son i ng of the l akes natural l y  i n  the past .  
What then i s  th i s process or  group of processes as regards to  phos­
phate? 
The phos phate cyc l e  i s  part of a very compl ex b i ogeochemi cal 
system . However ,  some general i zati ons can be made . The same 
mechani sms that account for the removal of  phos phate and vari ous 
other compounds from the water mass  are a l so respons i bl e  for the 
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bu i l d-up of the chemi stry of the tota l l ake envi ronment l . For exampl e ,  
sol ubl e phosphate i n  the ri ver waters i s  carri ed i nto the l ake where 
the bi ota , i n  effect ,  fi l ter some of i t  from the water mass  and 
depos i t  i t ,  through var i ous proces ses , on the bottom. 
Col l o i ds i n  the l ake waters are al so respons i b l e  for the removal 
of phosphate i ons  from the hydrosphere .  An i mportan t property of 
col l o i dal parti cl es i s  the i r abi l i ty to b i nd and concentrate certa i n  
s ubstances through phys i ca l  and ch emi cal adsorpti on . Both types of 
adsorpt i on act together and al l gradat i ons between extremes ex i st .  
C l ay parti cl es2 di spl ay a marked sorpt i ve capa ci ty for phosphate 
i ons e i ther by acceptance i nto the crystal l atti ce or by adsorpti on .  
I f  one con s i ders the number of cl ay and col l oi da l  part i cl es that are 
present i n  the l ake water , the amount of uptake of phosphate and other 
i ons  by thes e part ic l es must be great . 
The i ron cycl e a l so  has an e ffect on the phosphate cycl e .  J ust  
as  waste treatmen t pl ants use ferri c hydroxi de to  adsorb and preci p i ­
tate phos phate i ons , th i s  occurs natural l y  i n  the l a ke water.  I ron 
i s  general l y  carr i ed i n  surface waters as ferri c oxi de hydrosol  stab i ­
l i zed by organ i c  col l o i ds .  The compound o f  i ron that i s  prec i p i tated , 
1 Chem ica l  bu i l dup here i nc l udes mater i a l s that are stored i n  t he 
b i ota and sed i ments , hence not necessa ri l y  i n  sol uti on .  
2 Cl ays a re found i n  the col l odi a l  state as wel l as suspended , 
and thei r i mportance i n  l ake ch emi s try i s  emphas i zed here . 
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wh il e al so a function of the pH , is principal l y  a function of the 
oxidation reduction potent i a l  ( Ga rrel s ,  1950 ) .  At the l owest , on l y  
ferrous  s u l ph i de wi l l  form ; a t  s l i ghtl y h igher potential ferrous 
carbonate is prec i pitated . Under ful l y  oxid iz ing conditi ons , s uch as 
found in Lake Ontario , ferri c hyd roxide and ferric phosphate are 
formed . The ferric hydroxi de prec i pitate carries phosph ate i ons wi th 
i t  a s  i t  dri fts to the bottom. 
Another  factor in the ph os phate cycl e a s  regards Lake Ontari o 
is that phosphate ( Sutherl and , 1966 )  appears to be in equ i l i bri um 
wi th res pect to the hydroxyapati te ( ca 1 0 ( P�4 )
0 { DH2 ) system ; therefore , 
exces s phosphate i ons  tend to precipi tate wi th other metal l i c i on s  
and b e  removed i n  order t o  ma i ntain equ il i brium in the water mass . 
The l ake ' s  b i ogeochemica l systems a l l tend to reach an i nter­
equ il i bri um , wh i oh ex pl a i ns why , up to a poi nt , nature appears to be 
mos t  forgi v i n g  of man ' s  act i vi ti es .  However , whi l e  these phosphate 
removal mec han i sms are a good thing , there is the danger that if any 
one facto r is changed , the whol e equ il i b ri um s h i fts . Severa l  exampl es 
of th i s  a re as  fol l ows : I n  l ate s ummer when the die-off of al gae and 
other organi sms begin to put a l oad on the oxygen in the hypo l imn i on ,  
the oxidized mi crozone on the bottom , wh ich is ri ch i n  ferri c hydroxi de 
and ferri c phosphate , may be reduced , the associ ated organ i c  mater i a l  
bei ng a good reduc i ng agen t ;  th e ferri c i on changes to the ferrous 
5-13 
sta te and the res ul t i s  t hat ( i f  a d i sequ i l i bri um of  pho�phate demand 
exi sts i n  the water mas s )  phosphate i ons  are agai n rel eased i nto sol u­
t i on , and  i ncrease in  sodi um s ul phate ( at l ower pH } or cal ci um i on s  
al so  upsets the phosphate equi l i bri um by caus i ng more phosphate t o  move 
i nto sol ut i on . Cal c i um i s  i n  saturati on as regards Lake Ontari o .  
Sawyer , i n  h i s  stud i es ,  found that phosphate concentrati on s  of 
. 0 1 0 mg/ 1 P woul d caus e a l gae b l ooms . I n  rea l i ty ,  h i s  res ul t s  on l y  
appl y t o  the spec i fic l akes that he  studi ed .  I nasmuch a s  nutri ent 
uptake by the bi ota i s  a f�ncti on of the concentrat i on s  ma i nta i ned at  
the ce1 1water i nterface , i t  i s  s uspected that in  the case  of l akes 
wi th  good c i rcul ati on and l arge nutri ent reserves , such as Lake 
Ontari o ,  the concentration of phosphate n eeded to cause al gal bl ooms 
i s  l es s  than Sawyer • s  resu l t s  show .  
Bass See k i ng  and  Kapl an , 1 960 ,  i n  a study of the  l imi ts of pH 
and Eh ( oxi dat i on- reduct i on potent i a l ) i n  the  natural en vi ronment , 
make the genera l i zati on that ol i gotroph i c  waters have pH val ues on the 
aci d s i de and eutroph i c  waters tend to be  al kal i ne .  Of the Great Lakes , 
on ly  Lake Superi or wou l d fi t the d efi n i t i on for an ol i gotroph i c l ake on 
the bas i s  of pH . Th i s  does not mean that al l of the Great Lakes except 
Superi or are eutroph i c ,  but i t  does s uggest that there i s  a natural 
tendency for them to become so a s  regards avai l ab i l i ty of nutri ents . 
Thi s , of cours e ,  i s  d ue to  the  areal geol ogy of the  regi on wi th  
i ts numerous l imestone formati ons . S i nce  1 900 , a l arge i ncrease of 
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su l phate i ons i n  the Great Lakes has occurred , the effect of whi ch , 
as menti oned previ ousl y ,  may be to make  more phos phate ava i l abl e to  
any bi ol og i cal  system.  Al so , s i nce 1 90 0 , a change in  the  fi sh popu l at i on 
has occurred . A good examp l e  of thi s i s  the  i n crease i n  the number of 
a l ewi ves , whose l i fe cyc l e  appears to be two yea rs ; thus , wh ere phosphate 
may have been stored in a l a rge l ake trout for severa l  yea rs , i n  the 
case of the a l ewi ves , i t  i s  recycl ed every two years . Th i s  extra shot 
of phosphatel , due to the d i e-off of a l ewi ves , comes at the worst 
pos s i bl e  t ime--earl y s ummer.  Another facto r  i s  that , unl i ke other fi sh , 
the al ewi fe i s  not now harvested . Assumi ng that the Lake Ontari o a l e­
wi fe popu l at i on i s  propo rti onal to the Lake Mi ch i gan popul at i on ( U . S .  
Bureau  o f  Commerc i a l  Fi sheri es , 1 966 ), a pproxi matel y 5 . 0  x 1 06 l bs .  con­
ta i n i ng 1 50 , 000 l bs .  of phosphate cou l d  be harvested each year wi thout 
affecti ng  the a l ewi fe popu l at ion . The effect of reduci ng  phosphate i n  
the l ake by ha rvesti ng a l ewi ves wou l d  be fe l t  during  the start o f  the 
growing  season . 
P hosphate Remova l  at Treatment Pl ants 
No one i dea l s i tuati on ex i sts  for reduc i ng the a l gal  growth s i n  
Lake Onta ri o ,  and severa l methods o f  attack o n  the probl em must be used . 
However ,  a program of phosphate contro l , i ncl ud i ng maxi mum removal of  
1 Bacteri a l  working  of the  dead �i sh  make the  phosphate ava i l abl e to  
the a l gae i n  a readi ly  ass i mi l ated form .  
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phosphates at treatment pl ants , may , i n  the  case of  Lake Ontari o ,  bri ng  
t he  most reward i ng resu l ts .  T he  rea son for th i s  i s  that th i s  l a ke has  
a tremendous  oxygen reserve in  the hypol i mn i on ,  hav i ng  a smal l surface 
area i n  re l at i on to vol ume . I t  has  been known for some t i me that  a 
sel f-regu l ati ng system exi sts i n  the phosphate cyc l e  between the water 
mass  and the l ake muds . The oxi d i zed sed i mentary mi crozone wh i ch 
devel ops at  the mud -water i nterface i s  ri ch i n  ferri c  hydroxi de and 
ferr i c  phos phate . Th i s  microzone forms a chemi cal ba rri er  that keeps 
phosphate i ons  from the reduced sed i mentary l ayer beneath i t  from goi ng  
i nto sol ut ion and , a 1 s o ,  ass i mi l ates mater i a l  fal l i ng  to t he  bottom .  
Thu s , a s  l on.g as  the  oxi d i zed mi crozone ex i sts , phosphate rai n i n g  onto 
the bottom from var i ous b i ogeochemi cal systems rema i ns t i ed up .  The 
l onger th i s  mi crozone rema ins  i n  the ox i d i zed state , the more phos phate 
wi l l  be removed from the water mass . 
I n  Lake Ontari o ,  the oxi d i zed m i crozone may ex i st most of the year ,  
poss i bl y  a l l year.  I f  th i s  i s  the case , reduct i on of phos ph ate i nput 
to the l ake coul d br ing  almos t immed i ate resu l ts . I n  shal l ower l akes , 
becaus e  of thei r phys i cal  characteri sti cs , the oxi d i zed m i crozone whi c h  
devel ops duri ng  th e w i nter months probabl y  d i sappears i n  earl y s ummer;  
th i s  causes a recycl i ng of phosphate , wh i ch wi l l  supp ly  phosphate i ons  
to  the water mass  for some years after the phosphate i nputs are reduced . 
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Hydrogen- I on Concentrati on (pH )  
The hyd rogen - i on concentrat i on o f  the l ake waters i s  of great 
s i gn i fi cance for i t  represents the overa l l bal ance of a seri es of chem� 
i cal  and bi o l ogi ca l equ i l i bri a ex i sti ng i n  the l a ke waters . I n  di sti l l� 
water at 20° C ,  th e hyd rogen i on concentrati on i s  l o -7 mol es/ l i ter , or, 
u s i n g  the negati ve l oga ri thm to s i mpl i fy matters , the pH i s  7 .  I f  the 
concentrati on i s  greater than that of d i sti l l ed water , the sol uti on 
is con s i dered aci d ( pH l es s  7 ) , and , i n  the oppos i te case , a l ka l i ne .  
The pH of most natura l waters i s  control l ed by the bu ffer sys tems 
Caco3-co2 �H20 ;  a saturated so l uti on o f  carbon d i oxi de at i ts part i a l  
pres sure i n  the atmos phere h a s  a p H  of  5 . 2 ,  and a sol uti on of 
ca l c i te ( Caco3 ) i n  a i r-satu rated water has a pH near 8, ( Mason , 1 952 ) .  
Sol uti ons of phosphates , s i l i cates , berates and fl uori des a l so  
affect th e pH  of the waters , but to a l esser  extent than the co2-CaCOg 
system . Important here , as regards nutri ents for devel opment of an 
abu ndant bi ota , i s  that most  cal c i te mi neral s are not pure and us ual l Y 
they conta i n  vari ous amounts of  the mi nera l  apati te ( Ca5 ( P04 ) 3F ;  
thu s , natura l  sol ut i ons  of  ca l c i te a l so conta i n  apat i te . Rocks con­
ta i n i n g  l arge amoun ts of apat i te a re cal l ed phos ph ate rock and are 
u sed for ferti l i zer . Th i s  hel p s  to expl ai n why l akes that have h i gh 
pH val ues are u s ual l y  producti ve ,  whe reas so-cal l ed aci d i c l akes are 
not usua l ly  producti ve .  Bass  Beckl i ng ( 1 960 ) cl as s i f ies  l akes on the 
5-17 
ba s i s o f  pH a s  bei n g  e i ther ol i gotroph ic or eu troph i c ,  eutro ph i c  l akes 
bei ng th o se wi th a pH a bo ve 7. 
The pH of a sol u t i on a l so i s  important i n  regu l at i ng the i ron cycl e .  
The i mportance o f  th i s  i s  that phosph ate i ons c an be ei ther removed or 
rel ea sed to or from sol ut i on i n  conj u n ct i on wi th the i ron cycl e .  
Fi gu re 5- 1 8  shows the d i s tri but i on of s u rface pH observed duri ng 
C ru i se 1 02 .  The pattern observed i n  the western end o f  the l ake i s  
much  l i ke the patterns obta i ned for d i s so l ved oxygen , temperature , 
sol u b l e phos phate , and c i rcul at i on d uri ng th i s  cru i se .  I n  the ea s tern 
end of the l a ke the pH was l owe r than i n  the wes tern end , and , unl i ke 
the wes tern end , the h i ghe s t  val u e s  are found toward mi d-l a k e .  The reason 
for t h i s appa rent di fferen ce i n  a rea l d i stri buti on of pH at ei ther end 
of the l a ke i s  tha t a wi nd s h i ft occurred . Du ri ng sampl i ng i n  the 
eastern end , the wi nds were , at t i mes , out o f  the northeas t  and duri ng 
s ampl i ng i n  the wes tern end they were from the southwest . 
Several s e pa rate pool s of water are d i s cern i bl e  i n  the eas tern and 
central pa rts of the l a k e .  Thes e  pool s were probabl y  formed as one 
water mas s  i n  the a rea be hi nd the D u c k  I s l ands a nd were pushed out i nto 
the l a ke , mi xi n g  wi th deeper waters wh i ch have a l ower pH . Ori g i na l l y ,  
the d i s tr i bu t i o n  o f  pH was progably much l i ke that o f  the western end , 
wi th h i gher pH val ues i ns h ore . I n  a change of reg i me ,  however , these 
5-18 
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waters wou l d  be the fi rst to l ose  thei r i denti ty because of mi xi ng  due  
to  the i nc reased tu rbu l ence i ns hore . Thi s  change in  the w ind  reg i me 
i s  not as read i ly apparent i n  the d i stri buti on of  other chemi cal  para­
meters , i nasmuch as the h i gher pH va l ues i n  the surfa ce waters may 
have been due  to b i ol ogi cal  acti vi ty at the s urface and were readi l y  
c hanged by mi xi n g .  
F i gu re 5 -19 s hows the d i stri buti on o f  p H  observed duri ng C ru i se  
1 03 .  The s urface of the l a ke was qu i te cal m duri ng th i s  per iod and 
the c i rcul ati on was s l uggi s h . Notabl e i s  the overa l l i ncrease i n  
PH ; pH va l ues  o f  9 and above a re common and occur  genera l l y  away from 
shore . The i ncreas e  i n  observed pH i s  p robabl y  the res u l t  o f  b io­
l og ical ac �i v i ty ,  h eat i n g ,  a nd  qu i escent  l ake cond i ti on s  ( l i tt l e  
mi x i n g ) . Th i s  i ncrea se  i n  pH may i nd i rect ly  be rel ated to the 
ava i l ab i l i ty of nu tr i ents . 
F i gure 5-20 s hows the d i stri bu t i on of  pH observed d ur i n g  C ru i se 
104 . Here the va l ues  of pH have d ropped s i n ce the J u l y-August ( 1 03 )  
c ru i se .  The pH d i str i but i on du ri ng  th i s  per iod  fol l ows the observed 
c i rcu l ati on and s urface temperatures of the l ake . 
Lake Onta ri o  surface waters are near s aturati on i n  cal c i um 
carbonate ; pH va l ues  h i gher than 8 are probab ly  due to l ake warmi n g  
and b i o l ogi ca l  a ct i v i ty and h ence a re rel a ted to , i n  part , t h e  ava i l -
5-19 
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abi l i ty of nutri ents . 
I n  concl us i on , pH i s  representati ve of the ' total ' l a ke envi ron -
ment .  
D i s sol ved Oxygen 
Oxygen d i s so l ved i n  water i s  necessary to s upport l i fe and to 
oxi d ize organi c materi a l . The amount of d i sso l ved oxygen al so pl ays 
an i mportant ro l e  i n  the regu l at i on of the i ron cycl e and , thu s , 
i nd i rectl y i n  the amount of  phosphate that i s  e i ther removed or put 
i nto sol ut i on ( see phos phates ) .  
Fi gure 5-21 s hows the percent of oxygen saturat i on observed 
duri ng Crui se 1 02 .  At th i s  ti me the l ake water was st i l l  i sotherma l 
and was wel l  mi xed . Nowhere were d i ssol ved oxygen va l ues be l ow 1 00 
percent saturati on observed . The h i gh val ues above 1 00 are most  
l i ke ly  due to photosynthes i s  occurri n g  because of a ' spri ng pul se ' 
of phytopl ankton . 
These areas of s upersaturat i on correspond to the s ha l l ower areas 
of the l ake . Of parti cul ar note are the va l ues occurri n g  i n  the 
Toronto-Hami l ton area . 
F i gure 5-22 i nd i cates the percent of oxygen satu rati on ( Cru i se 
lb2 ) found near the bottom of the l ake . At no pl ace were va l ues of 
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l ess than 98 perc ent of d i s sol ved oxygen satu rati on observed .  
Fi gure 5-23 gi ves the res u l ts of Cru i se  1 03 .  Once agai n ,  the 
d i s sol ved oxygen concentrati ons are above or very near satu rati on 
va l ues . The effect of what may be nutri ent i n put by the maj or c i ti es 
can be seen i n  the h i gher  val ues of  d i s sol ved oxygen caused by photo­
synthes i s found in  thei r vi ci n i ty .  Surpri s i ng ly  enough , no effect 
of the N i a ga ra Ri ver was d i scern i bl e .  
Fi gure 5-24 s hows the d i str i buti on of  d i ssol ved oxygen concen­
trati ons in  percent of saturat i on i n  the bottom waters for Crui se 
1 0 3 .  One can readi l y  s ee that  some consumpt i on of oxygen has 
occurred in  that l evel s s l i gh tl y bel ow 80 percent of saturat i on were 
observed i n  the l ake proper and a l ow val ue of 70 percent s aturati on 
was observed i n  the bay area beh i nd Duck I s l and . Duri ng  the l atter 
part of Ju ly  1 965 , samp l es of the l ake sed i ments were taken . Al l of 
the  sed i ment sampl es from the deep  areas of the l ake were observed 
to have a red , oxi d i zed mi crozone approxi matel y  l /4 i nch th i ck ,  
i nd i cati n g  that oxi di z i ng cond i ti on s  ex i sted at the mud-water i nter­
� ce .  How l ong thi s oxi d i zed mi crozone exi sts i s  not known , but i t  
i s  s uspected that i t  rema i ns a l l year l ong .  I f  th i s  i s  t rue much 
of the phosphate that goes out of sol u t i on i n  conjunct i on wi th the 
i ron may never get back i nto sol uti on ( s ee phosphate di scus s i on ) . 
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F i gu re 5-25  s h ows the d i stri but i on of  d i s so l ved oxygen i n  percent 
o f  satu rat i on duri ng Cr�i se  1 04 .  The amount of  d i s so l ved oxygen has  
i ncreased i n  the  surface waters from the  previ ous  c ru i s e .  D i sti nct , 
i nd i vi du a l , chemi cal l y  i dent i fi abl e mas ses  of l ake water seem to  
ex i st .  Fi gure 5-26 s hows the percent o f  d i s so l ved o xygen observed i n  
the bottom waters duri n g  th i s same cru i s e .  Val ues s l i ght l y  bel ow 
70 percent s aturati on  occur o ff the Toronto , the N i agara R i ver , 
Roches ter , and Oswego . Scotch Bonnet Shoa l and the ri dge s eparati ng 
the two bas i ns are marked o ff by a val ue of  90 percent . 
These oxygen d ata s uggest that no  zones of seri ous  oxygen 
depl et ion  occur i n  the  mai n  part of the l ake ; therefore , on the 
bas i s of  these data the l ake i s  c on s i dered to be o l i gothroph i c .  
The rea s on why no s i gn i fi cant oxygen depl et i on occurs i s  that 85 
percent of the l ake ' s  water mas s  i s  bel ow the thermocl i n e ,  s o  a 
l arge res erve of oxygen i s  ava i l ab l e d uri ng  the peri od of strat i fi -
cat i on .  
Ch l o r i des  
. 
I t  i s  not s urpri s i ng that Lake Ontari o ,  bei ng the down stream 
l ake , has  the h i ghes t chl ori de l evel s o f  al l the  Great Lake s . The 
ch l o ri de i on i s  cons i dered a good tracer el ement because  mos t  of i ts 
compounds are so l ubl e .  The pri nc i pa l  source of c h l ori de i n  the 
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Great Lakes i s  i ndus tri al  and mun i c i pal  pol l ut ion . S i nce the l 9oo • s  
a steady i nc rease i n  ch l ori de content has been observed . The 
Practi ce of spread i ng sa l t  on roads i n  wi nter to mel t the snow 
has a l so  i nc reased i n  recent years , and th i s  sal t u l t i mately reaches 
the l ake waters . 
Fi gure 5-27 i nd i cates the s urface d i stri but i on of chl ori de 
i on observed duri ng  Cru i se 1 02 .  The pattern i s  qui te s i mp l e ;  the 
i nshore waters have the h i ghes t concentrat i ons and a l arge pool of 
24 ppm water i s  found i n  the west-cen tra l part of the l ake . Some 
evi dence of an  effect from the N i agara and Genesee Ri vers can be 
seen .  
F i gure 5-28 s hows the ch l ori de i on di stri but i on obs erved 
duri ng  Cru i se 1 03 .  The effect of both the Toronto area and the 
Ni aga ra Ri ver can read i ly  be seen . The effect of  the Genesee 
Ri ver i s  not apparent . The area of h i gh c l ori de concentrati on i s  
· the s ame as that where the l owest l i ght penetrati on was observed 
duri ng  th i s  c rui se . 
Fi gu re 5-29 s hows the c h l ori de i on d i s tri buti on observed 
du ri ng C ru i se  1 04 .  Aga i n ,  areas of h i gh chl ori de concentrat i on are 
found i n  the i ns hore waters near the Toronto-Hami l ton-N i agara Ri ver 
area . The h i ghest concentrati on of ch l ori de occurred i n  Mex i co Bay 
5-23 
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near Oswego . The source of th i s  h i gh concentrati on i s  probabl y the 
Oswego Ri ver ,  wh i ch d ra i n s  an area i n  wh i ch many rock h oriz on s con­
ta i n  sal t .  The pool of  h i gh ch l ori de concentrati on observed duri n g  
Cru i se 103 is sti l l  seen to ex i s t .  I n  t h e  area o f  Scotch Bonnet 
Shoal , an area of 26 mg/1 ch l ori de water was observed . 
Wh i l e the concentrati on s  of ch l ori de ion meas ured duri ng th i s  
study on l y  ranged from 22 to 27  mg/1 i n  the deep waters of the l ake , 
a pattern i n  the d i s tri but i on of these va l ues wa s observed and the 
sources of the ch l ori de can at ti mes be i denti fi ed . 
Sil i con  
S i l i con , one of the most abundant el ements in  the  earth ' s  
cru s t ,  i s  never found as the el ement .  I t  occurs i n  the oxidized 
state i n  true sol ut i on , as co l l o i da l  s i l i ca and as seston i c  mi neral  
Particl es . The pri nc i pal n atural so urce of sil ica i n  Lake Ontari o 
is probabl y the c l ay m i neral s ( the  a l umi no-sil i cates ) and dead d i atom 
s kel etons . The sol ubil ity of the sil i cates is dependent upon the 
PH; the h i gher the pH the greater the so l ubi l i ty .  Wh i l e  the sil i cates 
are not a constituent of the protop l asm ,  they form the s kel eta l materi a l  
for diatoms . A va l u e  bel ow 0 . 5  mg/ 1  i s  cons i dered l i mi ti n g  for 
several spec i es of diatoms . Diss ol ved sil ica val ues i n  Lake 
Ontario waters a re wel l bel ow the maximum standard for most water 
5 - 24 
uses wi th the excepti on of water used i n  boi l ers .  
D i s sol ved s i l i ca val ues ( reported as S i 02 ) for Lake Ontari o were 
the h i ghes t du r i ng  Cru i se 1 02 ( May 1 965 ) , Fi gure 5-30 . The h i ghest 
val ues were genera l l y  found at  the mi d- l a ke stat ions and the l owest  
val ues near  the ri ver mouths .  S i l i ca concentrati ons for th i s crui se  
agree wel l wi th bi ol ogica l  fi nd i ngs . I t  was duri ng thi s cru i se that 
the h i ghest d i atom popu l at i ons were observed . 
Data from Cru i se 1 03 ( J u l y and Augu st 1 965) , F i gure 5-31 shows 
a marked reduct i on i n  the amount of d i ssol ved s i l i ca i n  the s urface 
waters , suggesti ng that i t  was taken up by the di atom popul ati on 
duri ng  the l ate s pr i ng a nd that an appa rent d i e-off occurred by the 
t ime of Cru i s e  1 03 .  To a certa i n  extent ,  thi s agrees wi th the 
b i o l og i cal  data wh i ch shows a reducti on in d i atom popul at i on from 
the previ ous crui se  ( 1 02 ) . 
Data from Crui se 1 04 ( September-October 1 965 ) F i gu re 5-32 , 
shows that the val ues of d i ssol ved s i l i ca l evel s have tended to 
become more even ly  d i stri buted . 
The obvi ous quest ion i s ,  where d i d  the l arge amount of di s ­
sol ved s i l i ca i n  the spri ng  months come from? That i t  d i dn • t come 
from the ri vers i s  apparent i n  F i gu res 5-30 , 5-31 , and 5-32 . One 
l i kel y concl u s i on i s  th at  the s i l i ca was recycl ed from bottom 
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materi a l , pe rhaps  from d i atom s ke l eta l  mate ri a l . Al though no  wi n ter 
data was obta i n ed tha t  wou l d  e i ther s up port or di sa pprove th i s  con­
c l us i on ,  th i s process has  been observed by other researchers . 
Sod i um 
Sod i um i s  a very a ct i ve metal  and ,  l i ke s i l i ca ,  i s  never found 
free i n  nature . I t  i s  one of the most abundant cat i ons  found i n  l a ke 
waters because nea rl y a l l sodi um compounds are sol ubl e .  The h i gh 
sod i um content of the ocean s a l so demonstrates  th e tendency of  th i s  
e l ement to rema i n  i n  sol uti on once i t  has been di ssol ved . 
I n  Lake Ontari o no  s i gn i fi cant d i s tri but i on or range of sod i um 
concent rati ons was observed . Th i s  i s  not too surpri s i ng when aga i n  
we cons i der the sol u b i l i ty and the l ac k  of a n  i mportant chemi cal  
or  b i ol ogi ca l  system that wou l d  remove it  from sol ut i on ( Sodi um 
i n  wate r i n  some c i rcumstances does parti ci pate i n  base exchange 
reactions  whereby sod i um repl aces c ati ons i n  cl ay mi neral s .  What 
i mportance th i s  has i n  Lake Ontari o i s  at  present di ffi cu l t to s ay ,  
bu t the very even d i stri but i on of sodi um i n  these waters s uggests  i t  
i s  not o f  great i mportance ) .  The pri nc i pal  natura l  s ou rce of  sod i um 
i n  Lake Ontari o waters i s  p robab ly  the sed i mentary rocks i n  the Great 
Lakes Bas i n  i nasmuch a s  cal c i um i s  the  domi nant c at i on by a factor of 
about 4 .  
5-26 
Sod i um concentrat i ons found i n  Lake Ontari o waters i s  very cl ose 
to 1 1 . 5  mg/ 1 , wh ich i s  we l l  bel ow any standards for water use . Si nce 
1 900 , when sodi um and potas s i um were reported i n  Lake Ontari o as  6 
mg/ 1 , an al most twofo l d  i n crease has  occu rred ( Beeton 1 956 ) i n  the 
concentrat i on of sodi um ;  th i s  i nc rease can on ly  be attri buted to man­
caused pol l ut i on .  
Bi ochemi cal Oxygen Demand ( BOD) 
B i ochemi cal oxygen demand determi nat ions were made on the water 
sampl es col l ec ted i n  the l ake . The standard 5-day 20 C 0 BOD was 
used i n  th i s  study .  The BOD of a sampl e of sewage , i ndu stri al waste , 
or water i s  a mea sure of the concentrati on of decomposabl e organ i c  
matte r i n  that sampl e .  The BOD concept i nvol ves not on ly  the 
amount of organ i c  materi al wh i ch i s  decomposabl e by bacteri a ,  but 
al so  the rate at wh i ch i t  wi l l  decompose aerob i cal l y .  The res ul ts 
of Crui ses 1 02 ,  1 03 ,  and 1 04 show that i n  Lake Onta ri o ,  because of 
the l ow val ues observed , the BOD test i s  of l i mi ted val ue . Al l surface 
val ues we re l es s  than 3 mg/ 1 ; mos t  of them were wel l be l ow 2 mg/1 , 
and the deeper waters were usual l y  l ess  than l mg/1 . One surface 
stati on ( 37 )  has a BOD of 7 . 8  mg/ 1 . More impo rtant , 60 percent of 
al l depths sampl ed had a BOD of l es s  than l mg/ 1 . 
Di ssol ved Sol i ds 
Concen trati ons of  d i ssol ved sol i ds vary l i ttl e i n  Lake Ontari o .  
The Mean concen trati ons  obs erved were 1 75 mg/1 i n  the spri n g ,  
5-27 
TABL E I I  
W E IGHTED AVERAGES OF  CHEM ICAL PARAMETERS FOR LAKE 
ONTARI O DEEP WATER STAT I ONS 
Cru i se Cru i se Cru i se 
1 02 1 03 1 04 
Ma gnes i um 8 . 9  9 . 4  9 . 4  mg/ 1 
Ca l c i um 45 46 43 I I  
S i l i ca 1 . 56 1 . 1 8  0 . 85 I I  
Chl or i de 24 . 7  24 . 7  24 . 6  II  
Sul fa te 3 1 . 3  30 . 7  29 . 5  I I  
N i trogen : 
Organ i c  0 . 29 0 . 2 1 0 . 20 I I ( N )  
Ammon i a  0 . 06 0 . 04 0 . 0 7  I I  ( N )  
N i trate 0 . 34 0 .  31 0 . 41 II ( N )  
Phosphate : 
Total . 01 63 . 0 1 96 II ( p ) 
So l ubl e . 0 1 63 • 01 3 1  . 0 1 63 II ( P )  
S pec i fi c  Conductance 320 3 1 2 323 Mmhos @25°C 
D i s so l ved Sol i ds 1 75 1 94 1 83 mg/1 
Al ka 1 i n i  ty 97  95  1 00 II 
Chemi cal  Oxygen Demand 6 . 9  7 . 4  6 . 8  I I  
Di sso l ved Oxygen 1 3 . 6  1 1 . 9 1 1 . 6 II 
1 90 mg/ 1 i n  the  s ummer , and 1 85 mg/ 1  i n  the fal l .  No s i gn i fi cant 
area l d i stri buti on of d i s sol ved sol i ds was observed other t han the 
fact that th e h i g hest va l ues  occ urred near  ri ver mouth s and l a rge 
c i t i es .  I n  Lake Ontari o ,  the d i sso l ved sol i ds cons i s t  pri nc i pa l ly  
of  s u l phates , b i ca rbonates , carbonates , and chl ori des . 
Pota s s i um 
Potass i um was determi ned onl y for Cru i se 1 02 .  The res ul ts  were 
so uni formly d i stri buted that i t  was fel t to be of l i ttl e water­
qua l i ty s i gn i fi canc e .  The potas s i um range was between 1 . 4 mg/ 1 and 
2 . 1 mg/ 1 for th e l ake .  
Conc l u s i on 
Tabl e I I  shows we i ghted averages* for a l l ( deep water)  chemi cal  
observat i on s  made in Lake Ontari o .  I n  concl us i on , the res u l ts of 
t h i s study a nd t hose of previ ous s tud i es , notably Beeton 1 962 , 
poi nt to the cont i nued i ncrease  of chemi ca l  i nput to Lake Ontari o .  
* The averages were wei ghted i n  rel ati on to total water mas s 
represented i n  a l l i nd i vi dua l water sampl e s  taken at the 
vari ous  depths  and a re based on Fi gure 2-2 . 
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I ntroducti on 
Chapter 6 
PHYS I CAL CHARACTE RIST I CS 
C i rcul a t i on stud i es of Lake On ta ri o were begun i n  August  1 964 .  
The i r  pu rpose was to determi ne th e water c i rcul ati on of the  l ake , to 
estab l i s h  the cause  and effect rel at i onsh i ps so a s  to be abl e to pred i ct 
the movement of pol l utants occurri n g  i n ,  and be ing  d i s charged i nto , the  
l ake , and  to deve l op a more accurate descri pt i on and  understand i ng  of 
the phys i ca l , b i ol og i cal , and ch emi cal  ph enomena of the l a ke .  To 
accompl i sh th i s ,  1 7  current-meteri ng stat i on s  were set i n  Lake Ontari o .  
The current meters were Ri chardson type s e l f-contai ned reco rd i ng i n ­
s truments  cl ock-acti vated peri odi cal l y  ( every 30 mi nutes i n  th i s  case ) , 
recordi n g  d i recti ona l and  s peed data for one mi nute on 1 6  mm fi l m  and 
then shutti ng  off .  At each stati on , current meters were s us pended at 
depth s of 1 0 , 1 5 ,  22 , a nd 30 mete rs , and every 30 meters t he reafter .  
Temperatu re recorders we re a l so i n stal l ed .  A reco rdi ng  anemometer 
was mounted on an anchored s urface bu oy at each s tat i on ,  except duri ng 
t he w i nter month s .  F i gure 6 - 1  i s  a schema ti c di agram showi ng  the 
ma ke-up of a typ i cal c urren t-meteri ng  stat i on .  The stat i ons  were i n  
operat i on fo r 1 4  month s ,  Augu st  1 964 t o  early November 1 96 5 .  I n  order 
to s up pl ement the  current data obta i ned from these 1 7  stati ons , s evera l 
temporary nears hore sta t i on s  were operated . 
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N AV I GAT I O N  L I G H T  
W I N D  R ECO R D E R  
SUBSU R FAC E B U OY 
T EM P E R AT U R E  RECO RDER 
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T E M P E R ATURE RECORDE R 
CU RREN T METER 
T Y PI CAL CURRENT M E TE R I NG S T A T  I ON 
F I G U R E  6 - 1 
Factors Govern i n g Water C i rcu l ati on 
Four pri nc i pa l  factors govern water mot i on i n  Lake Ontari o :  
wi nd , i ts ve l oc i ty and d i rect ion ;  water temperature , as i t  affects 
dens i ty vari ati ons withi n  a water col umn ; barometri c pressure , as regards 
to h i gh and l ow pres sure ce l l s ,  thei r area l extent and magni tude ; and 
i nfl ow f.rom the N i agara Ri ver* , wh i ch establ i s hes a gradi ent fl ow from 
i ts mouth to the l a ke ' s  outl et . Al l four factors are acti ng  on the water 
mass , but the domi nant factor i s  the wi nd over the water surface .  Other 
fac tors , in addi t i on to those above , are the harmon i c  rei nforcement or 
attenuati on due to th e physi cal shape of the l a ke bas i n  and the rotati on 
of the earth , or the Cori ol i s effect . 
Wi nds 
Th e wi nd data col l ected at the current-meteri ng stati ons shows 
that the preva i l i n g ,  or net tran sport , d i rect i on i s  from the southwest 
( Fi gure 6-2 ) in the summer and fa l l  months . I n  wi nter and s pri ng months , 
data from l a nd stat i on s  show a s l i ght northerly s h i ft i n  the prevai l i ng 
wi nds ; the d i recti ons are from the west to northwest .  Monthl y h i stograms 
from l ake stati ons that are near the shore show the effects of onshore 
and offshore winds , wh i ch skews the i r  di recti onal modes . The d i recti on 
*The importa nce of the steady Ni agara i nfl ow on c i rcul ati on i s  di fficu l t 
to assess . I n  the area of Stati on 1 8  ( Fi gure 6- 1 3 ) , i t  i s  qui te i mportant , 
but i ts rea l  i nfl uence on the bas i s  of phys i ca l  factors a l one i s  not 
adequa tel y known . The reader shou l d  refer to the bi ol og i cal  and chemi cal 
secti ons of th i s  report . 
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of net wi nd transport corresponds  we l l  w i th the d i rect i on of the  pre­
va i l i n g  l and wi nds . However , the  total  fl ow d i rect i ons do not corres pon� 
so  wel l .  Wi nds observed over th e l a ke q u i te often h a ve no read i l y  
apparent re l at i on  to the wi nds  o n  l and . Al s o , due to t he a l teri ng  of 
a i r mas ses  pas s i ng over the  l ake , l a ke w i nd s vary from one area of the  
l ake to  anoth er .  Thu s ,  i t  wou l d  be d i ff i cu l t to p red i ct the d i rect i on 
of l a ke c urren ts so l e l y from s ho re-based s tati ons wi thout a l a ke refer-
enc e .  
Th e average wi nd  vel oc i t i es observed over t he l a ke at  a he i g ht of 
4 meters were about 1 5  mi l es ( 24 km) per hour . The  emp i r i ca l  rel ati on 
between wi nds and s urface curren ts observed by prev i ou s i nvesti gators 
i s  that currents  t rave l approxi matel y 45° to  the  ri ght  of  the mean wi nd 
d i rec t i on ,  and current vel oci t i es a re approxi matel y 2 percent of mean 
wi nd  ve l oc i ty .  Ou r data s h ow s u rface current s  i n  Lake  Ontar io  to fl oW 
approx imatel y 35 ° to the ri g ht o f  the  mean wi nd  d i recti on and current 
vel oc i t i es s l i gh t l y  l ess  than  2 percent of th e wi nd  vel oci ty .  I n  
con s i derat i on of t he data above , i t s hou l d b e  poi nted out that the so­
cal l ed 11 S urface 11 current  meter  wa s approxi matel y 1 0  meters bel ow the  
s urface , and  i nterpol a t i on of  the  observed data s ugges ts  t h at surface 
vel oci t i e s  a re h i gher than  2 percent , pos s i b l y  3 percent of the  wi n d 
vel oci ty ,  and th at  curren t di rec t i on s  at the  s u rface a re l es s  than  35°  
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to the ri ght of th e mean wi nd d i recti on . These di fferences from 
prev i ous observat ions  by other researchers on vari ous l akes can 
probabl y be expl a i ned by the shape of t he l ake basi n ,  the p l acemen t 
of the c urrent meters , and the fact that the l ong  axi s of the l ake 
i s  nearl y al i gned w ith the mean wi nd d i rect ion .  
Temperatures 
La ke Ontari o i s  a d i mi ct i c  l a ke , havi ng  a surface temperatu re above 
1 3°C i n  summer and bel ow 4°C i n  wi nter , a l arge thermal grad i en t ,  and 
two top to bottom ci rcu l at i on peri ods , one i n  spring  and one i n  fa l l .  
I n  the s ummer , the water becomes di v ided i nto an upper l ayer of 
warm , read i ly c i rcul ati ng , turbu l ent  water cal l ed the epi l i mn i on ,  and 
a l ower l ayer of co l d  and rel ati vel y und i s turbed water ca l l ed the 
hypo l i mn i on .  The l ayer separat ing  th e epi l i mn i on and hypo l imn i on , a 
reg i on where a rap i d  temperature c hange takes pl ace , i s  cal l ed the 
thermocl i ne .  When the l ake i s  thu s strati fi ed ,  the waters in the  
hypo l i mn i on (the l ower l ayer ) are phys i cal l y  and chemi cal l y  i sol ated .  
As a res ul t ,  l i tt l e  oxygen re pl acement takes pl ace in  th i s zone 
duri ng  t h i s peri od and any chemi ca l  or b i ol ogi cal sys tem mus t operate 
on a reserve s u pp ly . Fortunately ,  i n  the case of Lake Ontari o ,  85 
percent of the l a ke • s  vol ume i s  i n  the hypol i mn i on .  Th i s  i s  not the case 
i n the sha l l ow-water l a kes , s uch as  L a ke Eri e ,  where l es s  than 20 
percent of the tota l vol ume i s  conta i ned i n  t he hypol i mn i on ,  and seri ou s 
oxygen d epl et ion  i s  common . Duri ng  thi s peri od of strat i fi cati on , 
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the vol ume of water wi th wh i c h a pol l utant cou l d mi x i s  greatl y  
reduced . What may be cons i dered a safe i nput i n  the  w i nter  month s ,  
when the  l ake i s  essent i al l y  i sothermal , may i n  s ummer months be 
cri ti cal , pa rti cu l ar ly  i n  embayments dur i n g  peri ods of q u i e s cence . 
In  th e wi nter months , the l a ke aga i n  becomes strat i fi ed ,  but the 
strati fi cati on i s  not as  pronounced a s  i n  s ummer , so that for 
pract i ca l  purposes  t he l a ke can be con s i dered to be es sent i a l l y  
i sothermal . At th i s  ti me ,  the bottom l ayer wi l l  aga i n  be made u p  of 
water that i s  den ser than the surface water . I ts mi n i mum temperatu re , 
however, wi  1 1  be  about 2 °C  ( Rodgers and Anderson , 1 963 ) , wh i 1 e the  surfaC 
l ayer may coo l  to a s  l ow as 0 ° C .  Lake Ontar i o u su a l l y  does not freeze 
over i n  th e w i n ter .  Thus , i n  wi nter there i s  a l ayer of warmer but 
denser water at  the  bottom of the l a ke and a col der but l i ghter l ayer 
at the surface . The peri od of t herma l change between s ummer and 
wi nter condi t i ons  i s  ca l l ed the spri ng  or  fa l l  overturn . 
The  l a ke beg i ns to  s tra t i fy i n  l ate May , reac h i ng  i ts maxi mum 
h eat content i n  August . From Sep�ember , the epi l i mn i on beg i n s  to cool 
unt i l the  s trat i fi cati on bec omes unstabl e and overturn occurs , u s ual lY 
i n  conjunct i on wi t h  a storm .  Th i s  fa l l overturn can occur a s  earl Y  as 
October ;  u s ua l l y ,  however , i t  occ urs some t i me i n  November . A poi nt 
to remember here i s  that wh i l e  the  l ake i s  coo l i ng and the temperature 
of the epi l i mn i on becomes l ess , the  th i ckness of the epi l i mn i on becomes 
g rea ter because  of i ncreased mi x i n g .  
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F i gu re 6-4  s h ows three temperatu re profi l es of the l ake du ri ng  
th e month of Augu s t .  The  i s otherms are depressed on  bo th the northern 
and southern s i de o f  the  l ake and bu l ged upward i n  cen ter .  Th i s  type 
of thermal structure i s  what we wou l d  expect i f  the  water c i rcu l ati on 
were counterc l oc kwi se ; thu s � the temperatu re data , i n  genera l � s upports 
the observed s ummer c urren t-meteri n g  d ata . 
Duri n g  approxi matel y seven mon ths  of the  yea r ,  the  water of the 
N i aga ra Ri ver i s  warmer and � therefore � l es s  den se than the Lake Ontari o 
water that i s  bel ow the  thermoc l i ne .  Th i s  means  that duri n g  t h i s ti me 
N i agara R i ve r  water mi xes on l y  wi t h  waters i n  the  ep i l i mn i on and t hat 
the retent i on t i me for N i agara Ri ver water i s  short i f  compa red to what 
i s  norma l l y con s i de red the overa l l retent i on t i me of the  l ake .  
Du r i n g  the s pri ng  and  s ometi mes  i n  the  fa l l ,  wh en the  ma i n  body of 
l a ke water i s  es sent i al l y  i sotherma l , a hori zontal  strat i fi cat i on occurs 
a l ong  the s ho re l i ne ( Fi gure 6-5 ) . I n  the  s pri ng , the  water of the  
r i vers enteri ng  the  l a ke are warmer tha n  the  l a ke water ;  t h i s ,  i n  con­
j unct i on w i th more rap i d heati ng  of the i n s hore waters , ca uses  a strong 
dens i ty i nterface , the 1 1 thermal bar." ( Rodgers , 1 965 ) � t o  devel op at the 
4°C i sotherm or temperature of maxi mum den s i ty .  Devel opment o f  the 
therma l bar beg i ns i n  l oca l embayments and areas of stream i n fl ow . At 
t i mes  the t hermal bar may enc i rc l e the  l ake , s eparat i n g  the ma i n  body 
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SPRING THERMAL BAR WITH ASSOCIAT ED VERT ICAL CIRCULATION, AFTER RODGERS,'65 
of l a ke water from i nshore waters . I mpl i ci t  i n  the devel opment  of  a 
thermal bar i s  th e fact that i t  can onl y ex i st when water ma s ses above 
and bel ow th e temperatu re of  maxi mum den s i ty are presen t and the fa ct 
th at i t  i s  a l ake boundary cond i t i on .  
In  the fa l l , t he condi t i ons of therma l bar devel opment  a re reversed . 
Howeve r ,  th e fa l l  thermal bar i s  not as exten s i ve or as we l l devel oped 
a s  the one that  occurs i n  the s pri ng . 
F i gure 6-6 shows the l ake surfa ce temperatures duri ng  Cru i se  1 02 . 
The i sotherms i n  the western end of the l ake  are as  one wo u l d  expect at 
th i s  t i me of yea r ,  wi th the warmer waters i nshore .  Th i s  therma l struc­
tu re agreed wi th  the l ake ' s  c i rcu l at i on obta i ned from current-meter i ng 
s tud i es .  The a rea l i nfl uence of  the N i agara Ri ver i s  al so  read i l y  
appa rent .  
Du r i ng  Cru i se 1 02 the  w i nds  sh i fted from the  prevai l i ng westerl y  
d i rect ion t o  t h e  northeast . The effects o f  th i s are seen i n  the centra l  
and eastern ends of the l ake .  The 4° C ,  5 ° C ,  and 6 ° C  i s oth erms have 
a pparently been d i s p l aced southward and warmer waters are mov i n g  s outh­
west from the bay area north of Duck I s l and . These obse rvat i ons agree 
wi th the current-meteri ng s tud i es i n  that at Stati ons 1 6  and 1 7  i n  the 
eas tern end of the l ake  near  Duck I s l and a fl ow towards the southwest  
a t  the  1 0  meter l evel was observed and a compensat i ng north-northeast  
fl ow at  the  30 meter l evel occurred . 
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Data from Cru i se 1 03 ( Fi gure 6-7 ) s hows a warm pool of water i n  the 
ea stern end of the l ake off of Oswego . The i sotherm di stri buti on 
suggests that thi s poo l formed a l ong  the southern s hore near Rochester , 
New York . The area l extent of th i s  warm pool corres ponds to the area 
of l ow l i ght penetrati on al so found duri ng th i s  cru i se  ( See Fi gure 3-9 ) . 
There i s  a strong suggesti on that the shal l owness of the trophogen i c  zone 
observed at thi s ti me was due to bi o l ogi cal acti v i ty ,  al though con fi rmat i on 
of s uch act i v i ty i s  l a ck i ng. 
Fi gure 6-7 a l so shows the ex i stence of col der waters al ong  the 
northern shore .  It  may be that deep , co l d  waters mov i ng al ong the 
northeastern rim of the l ake are di verted westward and forced upward 
as they pas s  a l ong Scotch Bonnet Shoal , mi x ing  w ith and di spl aci ng other 
surface waters ; thi s westward fl ow i s  focused somewhat i n  the vi ci n i ty 
of Toronto . 
The temperature d i stri buti on observed duri ng Crui se  1 04 ( Fi gu re 6-8)  
s hows water in  the v i c i n i ty of Scotch Bonnet Shoal  bei ng  drawn southward . 
Thi s suggests that there i s  a countercl ockwi se ci rcul ati on i n  the 
eastern end of the l ake . The temperature structure i n  the western end 
of the l ake suggested that another co untercl oc kwise  c i rcul ati on i s  occur­
ring here , al so . 
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PER ATURES S U R FACE TE M 
C RUISE 1 0 4  
Currents 
Two d i sti nct net surface c i rcul ati ons occur i n  Lake Ontari o .  One 
c i rcul ati on pattern occurs when the l ake • s  water mass i s  strati fi ed , 
and the other pattern i s  deve loped when the l ake • s  water mass  i s  
i sothermal . 
When the water mass i s  strati fi ed { June to November) , the net 
surface fl ow ( Fi gure 6-2)  i s  wel l devel oped toward the  east a l ong the 
so uthern s hore , wi th a l esser return fl ow to the west a l ong the northern 
s hore ; the return ori g i nates i n  the area of Scotch Bonnet Shoal . Th i s  
western return fl ow i s  made u p  i n  part of deeper waters fl owi ng  northwest 
from the eastern basi n ,  wh i ch ,  after ma k i ng contact wi th the ri m of the 
l a ke , are d i verted upward and to the west . I n  the eastern end of the 
l a ke , fl ows are general ly  towards the northeast and are l ess  sharpl y 
defi ned than i n  the western end of the l ake . The surface c i rcu l ati on 
i n  the a rea of Scotch Bonnet Shoal , due pri nci pal ly  to i ts bathymetry , 
vari es greatly wi th the frequent devel opment of eddi es . The net s urface 
fl ow of what i s  essent ia l ly  N iagara Ri ver water i s  strongl y devel oped 
towards the east . There i s  a s uggesti on of a gyral occurr ing ,  at t imes , 
i n  the western end of the l ake . I f  th i s  gyral i.s there and i s  stri ctl y 
a countercl ockwi se s urface fl ow , retent i on t imes for a pol l utant woul d 
natural ly  be l onger and some bui l d-up cou l d  occur.  
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Th i s net c i rcul ati on pattern reaches i ts max imum devel opment i n  
September and rema i ns domi nant unti l November . 
I n  November ,  fa l l  overturn occurs and the l ake ' s  water mass becomes 
es senti al ly i sotherma l ; a l s o ,  the d i rect i on of the preva i l i ng wi nds 
s h i fts and i ncreases i n  vel oc i ty so that the wi nds are now pri nci pal l y  
from the west-northwest , whereas before they were from t h e  southwest . 
As a resu l t ,  the whol e net surface fl ow of the l ake i s  eastward and a 
bottom return fl ow i s  deve l oped westward , or , � n  other words , the 
ci rcu l at i on devel ops a verti cal  tendency ,  wi th the s urface l ayer i n  the 
western end bei ng d i sp l aced to the ea st and repl aced by deeper water 
( upwel l i ng ) . As the surface l ayer moves eastward ,  i t  coo l s and mi xes 
wi t h  other surface waters . Other waters s i nk to rep l ace the bottom 
water be i ng d i spl aced westward . Thi s pattern l asts unti l the l ake 
aga i n  becomes strat i fi ed and the wi nds become more southerly ,  wh i ch i s  
some t ime i n  June . 
The average effecti ve vel oci ty ( the vel oci ty of net water transpo rt ) 
i s  approximately 5 em/sec . i n  summer months and 7 em/sec . i n  the wi nter 
months . The average vel oc i ty i s  on the order of 1 5  em/sec . i n  the 
s ummer months and 21 em/sec . in  t he w inter months . Vel oci t i es observed 
ranged from the starti ng speed of the current meters , 0 . 5 em/sec . ,  to 
over 50 em/sec . 
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The surface waters of Lake Ontari o can respond very rapi dly to 
Wi nd stres s .  A current change l ess  than s i x  hours after a major wi nd 
sh i ft i s  common i n  mi d• l a ke .  I n  i n s hore areas , the res ponse i s  even 
more rapi d .  The net c i rcul ati on , wh i l e on a l ong-term bas i s may be 
con s i dered the c i rcu l at ion pattern of the l ake , ex i sts only for short 
Peri ods of t ime .  One week wou l d  be cons i dered a l ong peri od of ti me 
for the net c i rcul ati on fl ow pattern to be operat i ng .  F i gures 6-9 , 
§_�0 , 6- 1 1 ,  6-1 2 ,  6- 1 3 ,  6-1 4 ,  6- 1 5 ,  and 6- 1 6  show what the ci rcu l a­
tion of the surface waters are under a mean wi nd condi t i on and areas 
Where upwel l i ng  may occur .  The data for these drawi ngs were taken 
by v i sual ly  comparing  graph s that show vel oci ty and d i rect i on for 
both wi nds and currents , sel ecti ng ti mes when major  changes of wi nds 
occurred ( 1 0  mi l es per hour [ 1 6  km/hr] and 90° in d i rect i on ) , and then 
look ing  for and not ing  ch anges i n  current di recti on and magn i tude . 
Wh i l e  th i s  i s  a tedi ous procedure at best and accuracy i s  not of the 
h i ghest order , it i s  fel t that the resu l t s  are fa i r  ( the probl em of 
ai r-sea i nteracti on i s  a di ffi cul t one and , as a s tep towards studyi ng  
i t ,  a computer program that wi l l  do  a stra i ght stat i sti cal analys i s  
Of the data as regards wi nd speed and vel oci ty and current di rect i on 
and s peed i s  presently bei ng i n i t i ated ) . 
Al so , the c i rcu l at ion shown s houl d be cons i dered on ly  on a short-
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term bas i s .  For exampl e )  i f  the wi nd i s  stron g from the southwest , 
a fl ow towa rds the east wi l l  natu ra l l y  resu l t ;  h owever ,  i f  i t  b l ows 
from th i s  d i rect ion l ong enough the  waters that are moved eastward wi l l  
p i l e  u p  on th e windard sh ore and ,  pa rt i cul arly i f  w i nd i ntens i ty i s  
d im i n i sh i n g ,  wi l l  cause t he generati on of a retu rn s u rface current 
fl owi ng  aga i nst  the wi nd .  Needl e s s  to  say ,  the  most perp l exi ng  prob­
l em as  regards to current-meteri n g  studi es , us i ng a recordi ng  type 
i nstrument , i s  try i ng  to es tabl i s h an accu rate ti me base . 
L i tto ra l  Dri ft 
The currents i n  the i n shore a reas a re mos t  i mportant as  re­
gards the supp ly  of n utri ents for pl ant and fi sh  l i fe i n  the a reas 
where l i gh t  penetrates to the bottom , the movement and di s pers i on 
of pol l utants d i scharged i nto the i ns hore area by streams and out­
fa l l s ,  and i n  the i r effect upon the qua l i ty of water at water supp ly  
i ntakes . ( See sect i on on Roc hester Embayment ) . 
Th e l i tto ral dri ft i n  Lake Ontari o ,  because of i ts rather even 
ova l shape , i s  much as one wou l d  expect . The fl ow a l on g  the southern 
sh ore i s  eastward and the fl ow around the north ern s hore i s  vari abl e 
eas t  of Scotch Bonnet Shoal ( Fi gure 6- 1 7 )  and becomes westward west of 
Scotch Bonnet Shoal . Thi s i ns hore current focuses i ts energy somewhat 
at , but p�ral l e l to the Toronto a rea . Th i s  probab ly  i s  the reason 
fo r the devel opment of Gi bra l tar Poi nt , at Toronto , wi th i ts very 
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L I TTORAL DR IFT  
s teep s i des . At e i ther end of th e l a ke , the l i tto ral  dr i ft i s  vari ab l e ,  
dependent u pon the set-up  of the l ake • s  s urface waters at any part i cul a r  
t ime . 
Bottom Cu rrents 
Dur i ng the s ummer of  1 96 5 , three  hundred and fi fty seabed dri fters 
( bottom drogu es ) were re l eased i n  L a ke Ontari o i n  order to determi ne 
the character of the bottom dri ft .  These dri fters a re mus hroom- s haped 
and have a l ong  stem . They a re g i ven  a s l i ght negati ve buoyancy by 
the add i t i on of  a smal l we i ght added to the end of the stem. A smal l 
l abel i s  attached so  that anyone fi nd i ng a seabed dri fter can return 
i t  w i t h  the recovery l ocati on noted . 
Of the 350 seabed dri fters rel ea sed , on l y  1 6  were recovered . 
Th i s  l ow reco very rate , notabl y from the eastern bas i n ,  s uggests that 
bottom cu rrent vel oci t i es are not s trong  enough i n  Lake Onta ri o to move 
t he seabed d ri fters out of the deeper pa rts of the l a ke onto shore . 
Another pos s i b i l i ty i s  that some beach ed dri fters were n ot fo und , owi ng  
to  poor pu bl i c  acces s  to  t he  s hore . 
E i ght  seabed dri fters were dropped we l l  out i n  the l ake northeast 
of th e N i a gara Ri ver.  These a re s i gn i fi cant i n  that the two most  
northeastern ones , wh i l e  be i n g  fa i rl y  c l ose i n i t i al l y ,  travel ed 
i n  oppos i te d i rect i ons , and the recove ry paths of the others crossed .  
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BOT T O M  DRI FT AS 
I N TERPRETED FROM 
SEA - B E D  D R I F T E RS 
Two dri fters dropped at  the same l ocat i on ( N . E .  N i aga ra Ri ver ) ended 
up i n  oppos i te l ocati ons , one near 30 Mi l e  Poi nt and the other between 
Hami l ton  and Toronto . Th i s  seabed dri fte r  was recovered more than two 
years after the one fo und at  30 Mi l e  Poi nt  wh i ch was recovered abo ut 
two months  after i t  was emp l aced i n  the l ake . The pattern of recovery 
suggests ( F i gure 6- 1 8 )  that a countercl ockwi se  bottom c i rcu l at i on 
ex i s ts i n  the  wes tern end of the l ake ,  th e area l extent of wh i ch 
corres ponds to the area of the western basi n .  
Al l of  the oth er seabed d ri fters that were recovered had been 
pl a ced wi th i n  a few m i l es of sh ore , wh ere bottom currents natura l l y  
wou l d b e  s tronger . The overa l l pa ttern o f  recovery agrees wi th the 
cu rrent-meteri ng  data . None of the seabed dri fters dropped i n  the 
deep waters of th e eastern ba s i n  were reco vered . 
Rocheste r  Embayment  
Of s pec i a l  i nterest  i n  water po l l ut i on control  i s  the  effec t t hat 
pol l ut i on ,  s temmi ng  from severa l s ewer outfal l s  and t he Genesee Ri ver , 
has  on b ath i ng beaches and vari ous water i nta kes wi th i n  the Rochester 
Embayment . 
B raddock Poi nt to the wes t  and N i ne Mi l e  po i nt to the  East fo rm 
the general  l i mi ts  of the  Rochester Embayment . The  tota l  area of the 
Bay i s  approxi mate l y  35 square mi l es ( 90 sq . km. ) , and i t  conta i n s  
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a pprox i matel y 44 b i l l i on c u bi c feet ( 1 . 3  b i l l i on cub i c meters ) . The  
avera ge s t ream fl ow of the Genesee Ri ver , the  p ri nc i pal  s tream di s c harg i n g  
i nto t h e  Bay ,  i s  2 , 726  cub i c  feet/ s ec . ( 77 c ub i c  meter/sec . ) . 
The Lake Onta ri o  Program Offi ce  pl aced a total of fi ve c urrent­
meteri n g  s tat i ons  wi t h i n the  Embayment ( F i g u re 6- 1 9 )  i n  order to 
determi n e  what the water c i rcu l at i on i s  a nd h ow i t  rel ates to the  w i nds 
and the movement  of po l l utants . Stat i on 1 9  was i n  opera t i on from Novem­
ber 1 5 ,  1 96 4 ,  to December 3 ,  1 96 4 ,  a nd was l oc ated on the  western s i de 
of  the Embayment near the  Mon roe County Water Authori ty ' s  i ntake at  a 
depth of 1 4  meters . Stat i ons  l E ,  2E , and 3E were i n  operat i on from 
November  1 965  to May 1 96 6 .  Stat i o n  B was a part of a seri es  of tem­
porary s tat i on s that were i n  operat i on duri ng Ju l y  1 965 . 
Temperatures 
The temperature cha racteri s t i cs of the Rochester Embayment a re 
much l i ke tho se of the  res t  of the l ak e .  S t rat i fi cati on devel ops  i n  
May-June  a n d  l asts  unt i l November.  Duri n g  approxi matel y e i ght months 
of the yea r ,  t he waters o f  the Genesee R i ver are warmer and t herefo re 
l es s  den s e  than the  Embayment waters . Th i s means  that duri ng  t hi s t ime 
Genesee Ri ver water wi l l  fl oat out on top of  the Embayment ' s  s urface 
waters and be  i n  a pos i t i on to be mo s t  readi l y  affected by the wi nds . 
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The important poi nt  here i s  that , wh i l e  the vol ume of wate r 
mov i n g  th rough a pri smati c cros s -s ecti on of the  Embayment  at any 
one t i me i s  huge compared to the d i s charge of the Roches ter Sani tary 
Outfa l l and Genesee Ri ver ,  the waters from the Genesee R i ver and the 
San i ta ry Outfa l l a re confi ned genera l l y  to a th i n  l ayer on the s urfac e .  
Pol l utants can thu s  b e  rea d i l y  trans ported i n  a ny di rect ion about the 
Embayment by the wi nds u nt i l  the pol l uted l ayer i s  mi xed wi th the  l ake 
waters . Throughout the s ummer month s th i s mi x i n g  wi l l  occur on ly  i n  
the epi l i mn i on .  I t  i s  fortunate that mos t  of the  t i me the pol l uti on 
i n  the Embayment i s  i n i t i a l l y  confi ned to the surface waters ; otherwi se  
t he  water i nta kes woul d be  affected . 
Currents 
There ex i sts a very c l ose  re l at i on between wi nd  d i rec t i on and 
current d i rect i on and between wi n d  ve l oc i ty and current vel oc i ty i n  
the Rochester Embayment { F i gure 6-20 ) .  The res ponse of the water 
mass  to a c hange i s  qu i te rap i d ,  somet i mes ta k i n g  l es s  t han  four 
hours . Except for t i mes  wh en a curren t  reversa l  i s  tak i ng pl a ce ,  
the currents move e i ther i n  a westerl y or an  eas terly d i rect i on and the 
fl ow of the Genesee Ri ver and the d i scharge from th� Roches ter San i ­
tary Outfa l l w i l l  be i nc l uded . Both th e wester l y  and eas terly fl ow 
6-16 
have a tendency to move i n shore , part i cul arly the surface waters . 
Wi nds from the northwest ( because of the shape of the Embay­
men t )  at t i mes generate a westerl y curren t .  As the wi nds come more 
from the north , the l i kel i hood of a wes terly fl ow i nc reases . Winds  
from the north and northeast wi l l  defi n i tel y  generate a current 
fl ow i n g  towa rd the wes t .  Thi s current i s  probab l y  the most  im­
po rtant as regards pol l ut i on to the western beaches and the water 
i nta kes i n  that i t  has a strong tendency to s l i de the su rface 
waters i nto s hore where they can concent rate . Added to th i s i s  
the fact that wi nds from these d i rect i ons wi l l  most  l i ke ly  be 
somewhat h i gher i n  ve l oc i ty than wi nds from oth er  di rect i ons . 
W inds  from the east and s outheast  wi l l  a l so  cause c urrents 
to fl ow wes terl y ;  however ,  th i s current wi l l  tend to  move surface 
waters away from s hore . Wi nds from the wes t-northwest ,  west-southwest , 
south- southeast wi l l  generate an  easterl y fl ow . The current genera­
ted by a west-northwest  to west wi nd wi l l  have a strong i ns hore 
tendency ; the  tendency wi l l  be reduced a s  the wi nd comes more from 
the south . 
Pred i ct i ons of current ui rect ion s  based on  wi nd records  for a 
fi ve-year peri od from the U . S .  Coast  Gua rd Stati on at  Rochester , 
N . Y .  are that currents fl owi ng  towards the east wi l l  occur annual l y  
55 percent of the t i me ,  currents fl owi ng to the west  wi l l  occ ur 3 5  
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percent of the t i me ,  and currents  wi l l  be i n  the proces s  of  reversal  
1 0  percent of the  t i me .  
U s ua l l y ,  duri n g  a peri od o f  wi nd change , from west to northeast , 
for exampl e ,  there i s  a peri od of  cal m at  wh i ch t i me the current 
vel oci ti es become qu i te l ow .  A pos s i bl e hazard l i es i n  the fact  
that  du r i ng th i s  pe riod  of q u i es cence a pool of  pol l uted water 
cou l d  form i n  the area of the  sewer outfa l l ,  spread i ng out on the 
s urface , and then , as  the wi nd s h i fts  to the northeast and p i cks 
up  i n  vel oci ty ,  the pol l uted water cou l d be moved rap i d l y  i n shore ,  
affec t i n g  the  bath i ng areas . A cont i nu i ng s h i ft i n  wi nd cond i t i on s  
and i ns ho re t urbul ence wou l d break the pool u p  a n d  move i t  away . 
Thu s , no b i ol og i cal  evi dence of th i s po l l uti on woul d exi s t ,  unl es s 
a s ampl e was fortu i tous l y  ta ken duri ng th i s  peri o d .  Such con­
d i t i ons  a s  th i s  rapi d i n  and out  movement of water coul d occur i n  
a day or l es s . Further , i f ,  after the samp l e  was tested and i t  
was determi ned that po l l u ti on was seri ous  enough to c l ose  the  
beaches , the deci s i on wou l d  be a day l ate and the  beaches  cou l d  
be c l o sed because  o f  po l l uti on that was n o  l onger exi sti n g .  To 
carry i t  further ,  i f  the w i nds had a per i od i ci ty of 24 hours , beaches 
mi gh t be open when pol l uti on ex i s ted a nd cl osed when no pol l uti on 
ex i sted . Obvi ous l y ,  a n  u nd ers tand i ng of the  rel ati on between wi nd , 
currents ,  and bacteri ol ogy i s  needed i n  order to ma ke i ntel l i gent 
dec i s i ons . 
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Chapter 7 
SUMMARY AND CONCLUS I ONS 
SUMMARY 
Lake Ontar io  has  a l a rge vo l ume of water mass  per un i t  s urface area , 
wi th approximatel y 85 percent of th e water mas s duri ng  the peri od of 
strat i fi cat i on bel ow the epi l i mn i on .  Thi s p hys i cal ch aracteri st i c has 
far-rea ch i ng effects on the b i o l o g i cal  and geoch emi cal  systems i n  the 
l a ke . For exampl e ,  a l a rge reserve of n utri ents and oxygen ex i s ts i n  
the  hypo l i mn i on .  
The N i agara R i ver , wi th a mean annual  i n fl ow i nto Lake Onta ri o of 
ap proximatel y  200 , 000 cfs i s  by far the greatest hydro l ogi c factor i n­
fl uenc i ng the l ake envi ronment . 
Most of t he streams dra i n i ng i nto L ake Ontari o a re characteri s t i c  
o f  l i mestone terra i ns ,  havi ng  h i gh fl ows i n  t h e  s pri ng  and havi ng  very 
l ow fl ows i n  the s ummer .  
Due  to ci rcu l at i on pattern s and s ummer strat i fi cati on , the  mean 
retenti on ti me for i nfl owi n g  water i s  es ti mated to be over 1 5  years . 
Whi l e  the Lake Onta ri o  Bas i n  i s  cons i dered to h ave a cont i nental  
cl i mate , the  l ake has a moderat i ng effect and bri ngs to  th e area i n ­
fl uences of a ma ri ne  c l i mate . 
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Lake Ontario  l i es  whol l y  i n  Pal eozo i c rocks of Ordov i c i an Age 
excavated a l ong the ax i s  of a former val l ey by gl ac i ers i n  Pl e i stocene 
t i me .  The common rocks are sh a l es  and l i mestones . 
An ox i d i zed sed i mentary mi crozone ex i sts  at the mud water i nter-
face . 
Most of t he sed i mentati on i s  occurri ng i n  the western end of the 
l ake off of  the N i agara Ri ver . Normal l y ,  th e l a ke sedi ments grade 
l atera l l y ,  from the shore , from sand to s i l t  to c l ay .  
B i o l ogy 
The bi ota of Lake Ontar io  repres ent the overa l l effect on  the  
env i ronment of the chemi ca l and bi o l og ica l  systems ex i s t i ng in  the  l a ke . 
The  benth i c  fauna of Lake Ontari o i s  compri sed of seven pr i nc i pal  
organ i sms . Two types , Amph i pods ( scuds ) and O l i gochaeta ( s l udgeworms ) ,  
const i tu te 95 percent of a l l organ i sms co l l ected ; the rema i n i ng 5 percent 
con s i sts  of Sphaeri i dae ( fi ngernai l c] ams ) , Ch i ronomi dae ( bl oodworms ) ,  
I sopoda ( aquat ic  sow bugs ) ,  and H i rudi nea ( l eech es ) i n  order of i mpor­
tance . Amph i pods  were the domi nant organi sms at a l l s amp l i ng s tati ons 
except one near t he mouth of the N i agara Ri ver .  
Areas where h i gher l evel s of b i ota general l y  ex i s ted were the 
wes tern end of  the l ake ( i n  the Toronto-Hami l ton -N i agara Ri ver area ) 
near the mouth s of t he Genesee , Oswego , and Bl ack  Ri vers and Mex i co Bay . 
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The d i s tri buti on of ch l o ro phyl l concentrati ons  refl ected the 
temperatu re and c i rcu l at i on patterns at the t i me of s amp l i ng .  
Prol i fi c  growths of C l adophora were reported i n  the l ake  as 
far bac k  a s  1 932 . The d i stri buti on of C l adophora i s  governed to 
a certa i n  ex tent  by water movements , for the growths  are most  
prol i fi c  where curren ts can  keep the s upp ly  of nutri ents h i gh .  
Commerc i a l  fi s h i n g  i n  Lake Ontar i o has  decl i ned s i nce earl y 
1 930 . The dec l i ne i n  the commerci a l fi s hery i s  rel ated to the 
dec l i ne of the des i rabl e s pec i es ,  s uch as  l a ke trout and ci sco , 
and i s  not i nd i cati ve of the total fi s h  l i fe conta i ned wi th i n  the 
l ake , i na smuch a s  the numbers of certa i n  other s pec i es of fi s h  have 
i ncreas ed , pa rt i cul arl y  the a l ewi fe ,  wh i te perch and smel t .  
An annu al  d i e-off of a l ewi ves occurs i n  La ke Ontari o .  Decompo­
s i t i on of these fi s h  en ri ches the i n s hore waters wi th l arge amount s 
of nutri ents , nota b l y  phosphorus . Th i s  may s t imul ate the heavy 
growths of C l adophora that begi n to devel op i n  May . 
The mi crob i o l og i ca l  study i n  Lake  Onta ri o i nvest i gated the 
parameters of tota l col i form and tota l p l ate counts .  Mi crob i o l ogi cal 
act i v i ty was found to be greatest i n  the areas  of mun i c i pa l i ti es and 
affected by the c i rcu l ati on pattern s . 
Chemi stry 
The chemi stry of  the l a ke  waters i s  con s tant ly  changi n g ,  adj ust-
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i n g  to  b i ol og i ca l , phys i ca l , and chemi ca l demands or  changes . Many 
el ements and/or compounds are part of  a b i ogeochemi cal system . Con ­
sequentl y ,  a meas uremen t of a parti cu l a r el emen t or compound represents 
on l y  what i s  ex i st i n g  i n  that part or phase of the system ; i t  does not 
represent the qu ant i ty or  s peed of an el ement or  compound mov i n g  
through t h e  system. In a l a ke , s uch  as Ontari o ,  the concept of  
ava i l ab i l i ty to a b i ogeochemi cal  system as  opposed to  concen trat i on 
of a d i s so l ved substance � se  i s  i mportant s i nce  these l a kes have a 
stabi l i ty ( l ong  retent i on  t i me ) unl i ke s treams , where the chemi cal  
part of these b i ogeochemi cal  sys tems can , and i n  some cases may , 
reach  and rema i n  at equi l i br i um and may o r  may n ot rema i n  i n  that 
state . 
Phos phorus a s  ph os phate i s  part of a compl ex b i ogeochemi cal 
cycl e i n  the l ake envi ronment ,  t he d etai l s  of wh i ch a re not c l earl y 
unders tood . 
Concentrati ons of phosphate are h i ghest i n  t he i nshore areas 
part i cu l a rly  near c i t i es and ri vers . 
The i ron  cycl e affects the phosphate cycl e .  
One i deal sol u t i on does not ex i st for reduc i ng the a l gal growths  
i n  Lake Ontari o ,  and several methods of attack on  the probl em mus t  be 
u sed . Howeve r ,  a program of phosphate contro l , i nc l ud i n g  max i mum 
removal  of phosphates at treatment p l ants , may , i n  the  case of Lake 
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Ontari o ,  bri ng  the most  reward i n g  resu l ts . The reason for th i s i s  
that thi s l a ke has  a tremendous oxygen reserve i n  the hypol i mn i on , 
hav i ng  a sma l l s urface area i n  rel at i on to vol ume . I t  ha s been 
known for some t i me that  a sel f- regu l at i ng system ex i sts  i n  the 
ph os phate cyc l e between the water mas s and l ake muds . The oxi d i zed 
sed i mentary mi c rozone wh i ch d evel ops at the mud-water i nterface i s  
r i ch i n  ferri c hydroxi de and fe rr i c  phosphate . The mi crozone forms 
a chemi ca l barri er  that  h i nders phosph ate i ons from the reduced 
sed i menta ry l ayer beneath i t  from go i ng i nto so l ut i on and , al so , 
as s i mi l ates materi a l  fa l l i n g  to the bottom . Th i s  oxi d i zed sed i ­
mentary mi crozone ex i sts i n  L ake Ontari o for most o f  th e year and 
qu i te l i kel y a l l yea r .  
The oxygen data sugges t t hat  seri ous oxygen depl et i on does not 
occur  i n  the mai n  part of the l ake . The reason why no s i gn i fi cant 
oxygen depl et i on occurs i s  that 85 percen t of the l a ke ' s  water 
mass  i s  bel ow the  thermocl i ne dur i ng  s ummer s trati fi cat i on , so  a 
l arge reserve of oxygen i s  ava i l abl e duri ng  the peri od of strat i fi ­
cat i on . 
The l owest val ues of d i sso l ved oxygen were near 70 percent 
s atu rat i on i n  the bottom water .  The d i s so l ved oxygen i n  t he sur­
face waters was very near s atu ra t i on or above s aturat i o n .  
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S i nce the ear ly  1 900 ' s  chl or i de con tent has  stead i l y  i n crea sed i n  
Lake Ontari o .  The concentrati on of c hl ori de  i s  now approach i ng 30 
mg/ 1 . 
Concen t rat i ons  of d i s sol ved s i l i ca i n  Lake Onta ri o are rel ated 
to the  d i atom popu l at i ons . S i l i ca i s  taken u p  from the l ake water 
dur i ng  the s pri ng  by d i atoms . Later i n  the fa l l ,  the s i l i ca i s  
recyc l ed back i nto the  water from the s kel etal mater i a l  of  the  
dead d i atoms . 
The  b i ochemi ca l  oxygen demand test ( BO D )  i n  Lake Ontari o i s  
of  l i mi ted use  because  of the l ow va l ues observed ( genera l l y  3 
mg/ 1 or  l es s ) . 
The mean  concentra t i on of  d i s sol ved sol i ds i n  L ake Ontari o 
ranged from 1 7 5 mg/1  i n  the s pri ng  to 1 85 mg/1 i n  the  fal l .  No 
s i gn i fi cant areal d i stri but i on was observed , other t han that the 
h i gh est  va l ues were obs erved n ear ri ver mouths a�d l arge c i t i es .  
Pota s s i um concentrati ons ranged from 1 . 4 to 2 . 1  mg/1 . 
The greatest s i ng l e source o f  pol l utants i n  Lake Ontari o i s  
the N i agara Ri ver i nfl ow . 
The  res u l ts of our study po i nt to the  conti nued i nc rease of 
chemi cal  i n put  to Lake Ontari o and the resu l tant deteri o rat i on of 
the l a ke water .  
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Phys i cal  
The wi nd  data show that the preva i l i ng , or net trans port , di rec­
t i on i s  from the southwest  i n  the s ummer and fa l l months ( no data a re 
ava i l abl e for the wi nter months ) .  The average w i nd  vel oci t ies  were 
abo ut 1 5  mi l es ( 24 km/hr)  per hour.  
Lake Onta ri o  i s  strati fi ed dur i n g  the s ummer and fal l months . 
Dur i ng thi s peri od of s tra t i fi cat i on ,  the vol ume of water wi th wh i ch 
a pol l utant and/or i nfl owi ng  stream can mi x i s  g reatl y reduced . At 
the ti me of maxi mum strat i fi cat i on , the thermocl i ne i s  a pprox imatel y 
30 meters bel ow th e s urface . 
Du ri ng  the l ate fal l  and early spri n g  a verti cal strati fi cat i on 
devel ops wh i ch , i n  effect ,  separates the i nshore an d the l a ke water . 
Th i s  vert i ca l  strati fi cat i on i s  ca l l ed the ' therma l bar • and may or 
may not act as  a barri er to the mi x i n g  of i nshore and offs hore l a ke 
waters . 
The temperature structure of the l ake i n  the s pri n g ,  s ummer and 
fa l l  months s uggests an  overa l l counterc l ockwi se  c i rcu l ati on . 
Two di st i nct s urface c i rcu l at i on s  occur i n  Lake Ontar i o .  One 
ci rcu l at i on pattern occurs when the l ake ' s  water mas s  i s  strat i fi ed ,  
and the other pattern i s  devel oped when the  l ake ' s  water mas s  i s  
i soth erma l . 
When the l a ke i s  strati fi ed the net  s urface c i rcu l ati on i s  
counterc l ockwi s e .  
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The ma i n  c u rrent i s  east a l ong the  southern sh ore , wi th a 
l esser retu rn fl ow to the wes t  a l ong t he  northern sh ore . There i s  
a su ggest i on of a gyra l occurri n g  at t i mes i n  the western end of 
the  l ake . 
The effect of the Ni agara Ri ver fl ow i s  to i mpose an e s senti al l y  
steady s tate gradi ent fl ow i n  Lake Ontari o ,  from i ts mouth eastward 
to the St . Lawrence Ri ver.  
Duri ng  the wi nter  months , when the  l a ke • s  water ma s s  i s  i sothermal , 
the net surface fl ow i s  ea stward . 
Th e s urface waters of Lake Ontari o res pond very ra pi dl y to 
wi nd s tres s ;  c urrent changes i n  l es s  than s i x hours a fter a wi nd 
sh i ft are common i n  mi d- l ake . 
The average effecti ve ve l oc i ty ( the  vel oc i ty of net water trans­
port } i s  approxi matel y 2 em/ sec . i n  s ummer months and 5 em/sec . i n  the  
wi nter  months . The  average vel oc i ty i s  on  the order of 5 em/sec . i n  
the s ummer months and 1 0  em/sec . i n  the  w i nter months .  Ve l oc i t i es 
observed ranged from the s tarti ng  s peed of the  current  meters , 0 . 5  em/sec .  
to over 50 em/ s ec .  
The c i rcu l at i on of Lake Ontari o i s  s uch that the water from 
i nfl owi ng  s treams and pol l utants di scharged i nto the  nearshore a rea 
wi l l  tend to remai n i n  the i ns hore zone , thus keepi ng  the mos t  produc­
t i ve z one wel l s upp l i ed wi th  nutri ents . 
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CONCLUS I ONS 
The fol l owi ng concl u s i ons  are made as a resul t of stud i es of 
Lake On tari o :  
A thorough b i ogeochemi cal  study shou l d  be i n i t i ated . The goal 
of th i s s tudy woul d be to  fi nd one or several b io l ogi cal and/or 
chemi cal  parameters that trul y  refl ect the l a ke • s  water qual i ty 
and to determi ne what i s  the mos t pract i ca l  approach to the pro per  
management of  the l ake envi ronment .  
When pl ann i ng outfa l l s  and i ntakes i n  La ke Ontari o ,  an ocean­
ograph i c  stu dy be requ i red , as  part of an overa l l  engi neeri ng 
s tudy for approva l  of such i n takes and outfal l s ,  i n  order to 
determi ne the pro per l ocat i on or  d i s tri but i on of s uch . The study 
s houl d cover s urface and subsurface currents , waves , temperature , s ub­
ma ri ne  topography , bottom materi a l s ,  d i ffus i on characteri st i c s , and 
amounts and qual i ty of effl uent . 
An effort be made to establ i s h a fi shery on Lake Ontari o ,  
( s uch  a s  ra i nbow trout and/or coho sa l mon ) s o  a s  to cut down on the 
popu l at i on of a l ewi ves . 
The feas i b i l i ty of  commerc i al harvesti ng  and the pos s i bl e  s ub­
sequent convers i on to fi sh fl our of t he a l ewi ves shou l d  be i nvest i ­
gated . 
When eva l u at i ng the pract i cabi l i ty or des i rab i l i ty of  con-
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struct i ng  gro i ns i n  order to  stop the l i ttora l  trans port of sand , the  
fact that  these gro i n s  al so prov ide an  i deal trap for dea d fi sh  and  
C l adophora s houl d be  g i ven con s i derat i on .  
Futu re i ndu stri a l  zoni ng  be s uch  that i t  woul d encou rage i n dustr i a l  
' symbi os i s ' , that i s ,  where an i ndus try wou l d l i ve on  the was te of  
another ;  i mp l i c i t  i n  th i s  recommendati on i s  the  concept of  waste di s posal  
pl ann i ng a s  part of an overal l sys tem wh i ch ,  i n  the case of the Great 
Lakes and i n  part i cul ar  the l ower Great Lakes i s  v i tal . 
The devel opment  of a compu teri zed model of the total l ake bas i n  
envi ronment shoul d be begun , i nc l ud i n g  economi cs , eng i n eeri ng , chemi stry ,  
geol ogy , b i ol ogy , s t ream fl ow ,  g roundwater , etc . Th i s  model  wou ld  
be u s ed to hel p manage the wate r  resources of  the whol e bas i n . I n  the 
devel opmen t of th i s  proposed computeri zed model , advantage shoul d be taken 
of remote sens i ng tec hn i q ues to constantl y update the model . 
Stream s tandards  shoul d be i mpl emented a s  rap i dl y as pos s i u l e ,  
and t hese standards s hou l d  be s tri ct enough so  that an i mprovement 
in l a ke water qual i ty wi l l  res ul t .  Al ong wi th th i s  is  the necess i ty 
of  sett i ng  s tandards  fo r wastes  di s cha rged di rect l y  i nto the l ake . 
An i nten s i ve program of appl i ed research to devel op a s ubst i ­
tute for t he phosphate i on i n  detergents , petro l eum a ddi t i ves , pa i nts , 
etc . mus t  be  c arri ed out . 
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